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Executive Summary

« Introduction

The Minnesota Department of Transportation, in cooperation with Hennepin County and
the cities of Bloomington, Edina and Richfield, is conducting an operational test of an
integrated corridor traffic management system. The test involves an eight-mile-long
segment of 1-494 in the Twin Cities metropolitan area and the adjacent arterial street
system, shown in Exhibit A. In general, the test involves the phased implementation of
an adaptive traffic control system with both freeway ramp meter and arterial traffic
signals with the ability to continuously adjust timing plans in response to rea-time flow
conditions.

Thisinterim report documents the evaluation analysis of theinitial ICTM project
implementation phase involving Modules 1 and 2 which includes adaptive controls at 27
ramp meters and integration with the existing freeway management system (FMS) as
Module 1. Although adaptive control was installed at 2 1 interchange ramp terminal
signals as Module 2, they were not operational at the time of this evaluation and will be
eva uated under the next project phase of the study which also includes adaptive traffic
control at 41 arterial street intersections, as shown on Exhibit B.

o« Test Plans

Eight individual test plans (IETPs) involving atotal of 47 measures of effectiveness
(MOEs) were designed to evauate the effectiveness of ICTM in the 1-494 corridor. The
test plans address the following basic evaluation areas.

1. Ability of ICTM to manage corridor traffic conditions during both norrnal and
freeway incident time periods;

2. Ability of ICTM to implement an effective motorist information program;
3. Impact of ICTM on bordering traffic control systems;

4. Ability of ICTM to make use of available transportation infrastructure and its
expandability or transferability to another area; and

5. Ability of multiple transportation agencies to work together and manage trafficin a
congested freeway corridor.

« System Considerations

To accurately assess the impact of ICTM, a set of comprehensive data sources were
identified. These sources include quantitative traffic engineering measurements, agency
and public perceptions, system performance issues and project implementation costs and
agreements. Many of these data sources intentionally overlap each other to confirm or
support system conclusions. Of the 47 MOEs to be evaluated in this study, 10 MOEs
have “before/after” comparative data available for this interim report and another 13
MOEs have “before” baseline data available. The data collected to date, basically during
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the August-November 1995 and April-May 1996 time periods, are principaly limited to
reporting on the effectiveness of ramp metering integration with an adaptive traffic
control system. The impact of this activity is not considered to have affected arterial
street operating conditions which did not have operational adaptive controls. The data
available for “before/after” evaluation are contained in evaluation areas 1,4 and 5,
described above and pertain to the following ten MOEs.

1-11 Increasein screenline traffic volumes during periods of recurrent traffic
congestion.

1-1 .2 Decrease in travel time through the corridor.

1-1 .4 Reduction in queue delays on freeway entrance ramps.

[-4.1 Reduction in speed fluctuations along the freeway attributed to ICTM.
5 1.1 Document all fixed and on-going costs.

5-1 .2 Document public/private sector contributions.

5-3.4 Document critical issues and procedures needed for implementation of the ICTM
concept.

5-4.1 Document all multi-agency agreements.

5-4.2 Document all legal or institutional issues encountered and the resolutions to
those resolved.

5-4.3 Document policies or procedures altered due to ICTM.

o Results

With regard to Evaluation Area 1, the ability of ICTM to manage corridor traffic
conditions during periods of normal and freeway incident time periods, it can be seen
from Exhibit C, that average 1-494 traffic volumes at two control screenlines located east
of Nicollet and Xerxes Avenuesincreased during al peak hour time periods when
freeway travel speed data was collected. The increase in volume ranged between 2.88 to
7.15 percent during the 7:30 to 8:30 AM and 4:30 to 5:30 PM peak hours and the 6:00 to
9:00 AM and 3:00 to 6:00 PM peak periods. Thisis contrary to the general freeway
traffk screenline pattern which demonstrated a statistical decrease in peak period traffk
levels. A review of additional screenline data indicates that the distribution of traffk
between the arterial street and the freeway system has not changed greatly with atraffic
distribution variance of less than 2.2 percent during the peak and mid-day time periods.

It was noted that traffic on 77th Street increased significantly during the study period by a
range of +17.5 to 83.2 percent. This increase is attributed to construction activity on 77th
Street during the “before” traffk data collection time period. This traffic increase appears
to have come from traffic diversion on other parallel east-west streetsin the corridor,
principaly 76th Street. Interestingly, overall traffic levels in the corridor adjusted for
seasond variations, do not appear to have changed between 1995 and 1996.
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Exhibit C. ICTM Effect on 1-494

Traffic Volume Travel Speed
- Total freeway traffic dataindicates a mixed /[\ Peak period travel speedsincreased in 5 out
Variation in volume levels with a significant of 8 cases.
Reduction during peak time periods except the 7:00 to 8:00
AM peak hour.
. Traffic volume distribution between the freeway and arterial | Minimum peak period travel speeds were
system changed by less than 2.2 percent during all peak and increased from 35 to 48.8 mph.

mid-day time periods.

/[\ Average freeway traffic volumesincreased during
all peak hour time periods when freeway travel
speed data was collected.

Ramp Delay* Travel Speed Uniformity
\]/ Average delay per vehicle decreased in 6 out of 13 /[\ Travel speed uniformity wasimprovedin 3 out of 8
Ccases. Ccases.
- Average delays per vehicle were unchanged in 3 - Travel speed uniformity was unchangedin 3
other cases. out of 8 cases..
\]/ Total ramp delay for |3 cases was reduced by 11.0 /[\ Traffic speedsin freeway control zones were
and 93.3 vehicle-hours during the AM and PM peak increased in 5 out of 8 cases.

hours.

*Ramp delay results are based on a one day comparative sample.

In comparison to increased freeway traffic volumes, travel speeds on 1-494 haveimproved and
become more uniform since implementation of adaptive ramp meter controls. Average travel
speeds on 1-494 during peak traffic periods, as shown on Exhibit D, increased during five out of
eight cases and remained unchanged in the three other cases.

Exhibit D. Average 1-494 Travel Speed (East Bush Lake Road to Minnesota River)

Speed (mph)
Time Period Direction Before After % Change
6:00 — 9:00 AM EB 56.7 56.5 -0.4 -
WB 45.4 50.4 11.0 I
7:30-8:30 AM EB 54.0 52.7 24 -
WB 35.0 49.8 42.4 N
3:00 - 6:00 PM EB 49.2 48.8 -0.8 -
WB 51.8 55.5 7.1 T
4:30 — 5:30 PM EB 44.4 48.8 9.9
WB 50.3 56.3 11.8

It is also shown on Exhibit D that minimum travel speeds increased and, therefore, with a smaller
speed range, it may be concluded that speeds are more uniform.

Travel speed uniformity isrelated to system reliability and safety. As shown in Exhibit

E, travel speed consistency or uniformity (the variance between observed minimum and
maximum speeds) was reduced in three out of eight cases and unchanged in three other cases.
Travel speeds between adjacent freeway segments (control zones) also increased in five out of
eight cases. These changes are not overwhelming supportive of improved speed uniformity on |-
494, but do indicate a positive trend with regard to the impact of adaptive ramp meter control.
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Exhibit E. 1-494 Travel Speed Consistency

Speed Range Change
Time Period Direction (mph) % Change
6:00 - 9:00 AM EB -6 -11.8 A
WB -5 -8.9 ¥
7:30 - 8:30 AM EB -2 -4.3 —
WB -1 -2.0 —
3:00 - 6:00 PM EB +6 14.0 T
WB +2 42 —_
4:30 - 5:30 pm EB +6 14.0 T
WB -7 -14.6 -

Finally, as shown on Exhibit F, ramp meter delays were reduced at six of 13 on-ramp
measurements during peak traffic periods and unchanged in three other cases.

Exhibit F. 1-494 Ramp Delay*

Time Period
7:30-8:30 AM 4:30 - 5:30 PM
Ramp Direction Ave. delay (min) Ave. delay (min)
4D4 EB -0.09 — 0.71 T
4E1 EB -0.03 — -0.21 —
4E4 EB n/a -1.44 {
4G2 WB 1.09 T -10.51 v
4G7 WB -1.37 ¥ -3.68 )
4H2 WB -5.21 v 1.77 T
4H4 WB 3.04 T -6.51 +

* Ramp delay results are based on a one day comparative sample.

The most significant finding from this ramp delay data involves the cumulative reduction
in delay experienced by motorists during the 7:30 to 8:30 AM and 4:30 to 5:30 PM peak
hours, when total rarnp delay was reduced by 11 .0 and 93.3 vehicles hours.

In addition to the above results directly related to ICTM deployment, the following
baseline traffic safety and motorist perceptions were documented for analysisin
subsequent reports:

- Baseline traffic conditions for 1994 indicate that there were 754 arteria street accidents
in the study corridor, of which 22 percent occurred on east-west streets and were evenly
distributed between 76th, 79th and 80th Streets. Of the remaining 78 percent that
occurred on north-south streets, the highest accident frequencies were reported on
France, Portland and Penn Avenues, in addition to the I-35W and TH77 freeway
facilities.

- Motorists indicated there were very few concerns of unsafe driving conditions on the
arterial street system in the 1-494 corridor. Motorists did feel, however, frustration
with inefficient signal timing on the arterial street system. Motorists indicated they
only occasionally used the arterial street system prior to ICTM. Over 56 percent of
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surveyed motorists indicated they are “very” or “extremely likely” to use the freeway
system for short trips. Potential changes to these safety and travel pattern perceptions
asaresult of ICTM will be verified in future ICTM evaluation reports.

In addition to these traffic operation changes, this test also documented project costs and
agreements, The cost of implementing an ICTM system provides important information
for future projects that look to expand the system in the Twin Cities area or start asystem
in another community. The total cost to date is $4.3 1 million which includes fixed,
capital expendituresfor: 1) project development; 2) adaptive signal controls; 3) adaptive
ramp meter control; and 4) alternative detection technology development, in addition to
ongoing operating costs, as shown in Exhibit G. This cost includes $1.44 million dollars
which have been provided in “hard” and “soft” contributions by MnDOT, local agencies
and the private sector.

Exhibit G. Summary of ICTM Costs for Modules 1 and 2

Codts (dollars) % Total
1. Fixed
Project Devel opment $656,900 229
Adaptive Traffic Signal Control 873,400 30.4
Adaptive Ramp Meter Control 417,000 14.5
Alternative Detection Technology 332,800 11.6
Subtotal $2,280,100 79.4
2. Ongoing (Operations/Maintenance) 592,400 20.6
TOTAL $2.872.500 | 100.0%

For estimation purposes, preliminary unit costs foOr adaptive control are:
- $300,000 per mile of freeway

- $100,000 per mile of arterial

- $115,000 per freeway ramp terminal intersection

These unit costs are not additive but reflect the total cost of $2,872,500, as shown in Exhibit G,
divided by 7.9 miles of freeway, 22.7 miles of arterial, or 20 ramp terminals.

In addition to these cost contributions, each community directly involved in the ICTM
transportation corridor have agreed to cooperate on the operation of the system. System
operating principals and cooperative agreements have been approved by each community
on project cost sharing, maintenance and operation. Project design, deployment and
operation issues are agreed to at monthly ICTM management team meetings with
MnDOT serving as the principal lead agency for ICTM design and contracting.

With regard to potential liability issues, several standard procedures were identified for
system maintenance specific to record keeping, scheduling, uniform practices and
communication. No liability claims have been reported to date due to ICTM system
operation. A potential liability exposure area could occur when an agency is assisting
with traffic maintenance outside the agency’ s jurisdictional boundaries or in another
agency’ s traffic control cabinet within its jurisdictional area. The agreements developed
for the ICTM project and the use of good maintenance procedures should protect against
this potential problem. In general, cooperation and management between the agencies
affected by ICTM has been very strong and successful.
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Thisinterim report is the first in a series of evaluation reports on the ICTM project.
Deployment of Module 4 is scheduled for completion in the spring of 1998. Exhibit H
identifies the remaining evaluation activity schedule through completion of the final
report in October of 1998.

ExhibitH.  ICTM Evaluation Schedule
Activity Completion Period

1. Operator Interviews March 1997

2. Module 3 Traffic Data Collection May 1997

3. Interim Report No. 2 September 1997
4. Operator Interviews March 1998
5. Business/Resident Focus Group April 1998

6. Motorist Telephone Survey April 1998

7. Module 4 Treffic Data Collection May 1998

8. ICTM Fina Report October 1998

-iXx-
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I. Introduction

The Minnesota Department of Transportation in cooperation with Hennepin County and the
cities of Bloomington, Edina and Richfield, is conducting afour-year phased operational test
of an integrated corridor traffic management (ICTM) system. The test, as shown on Figure 1,
involves an eight-mile-long congested segment of 1-494 in the Twin Cities metropolitan area.
In general, both freeway and arterial street traffic controls will be integrated with an adaptive
control system that has the ability to continuously adjust arterial signals and freeway ramp
meter traffic controls based on real-time traffic flow conditions within the study corridor.
Additional elements of the test includes expanded incident management capabilities, the
provision of real-time traffic information to motorists and route diversion guidance. The qoal
of the test is to improve the efficiency of traffic movement withinthe congested [-494 stugy
corridor.

Thisinterim report was prepared to document the evaluation analysis of the initial phased
implementation of the ICTM operational test. More specificaly, the ICTM project is being
deployed in four modules. As shown in Figure 2, it was planned to have Modules 1 and 2
involve the implementation of adaptive traffic controls at 21 interchange ramp terminal signals
and 27 ramp meters, along with the integration of the existing Freeway Management System
(EMS) and Sydney Coordinated Treffic System (SCATS) software, as well as the installation
of video imaging systems at four arterial intersections, and the development of operational
plans and training. Module 3 involves implementation of adaptive controls at 41 arterial street
intersections, and implementation of incident/specia event management plans with portable
traffic control devices, along with operational plan refinement and additional training. Module
4 includes video surveillance on the arterial street system, deployment of alternative route
guidance signs on the arterial street system and refinement of incident/ special event
management plans. Modules 1 and 2 were scheduled for implementation between January
1994 and November 1995, with Module 3 to be implemented between January and December
1996 and Module 4 to be implemented in 1997.

Due to roadway construction project schedules and adaptive control system communication
problems, the implementation of adaptive controls at the 21 interchange ramp terminal signals
was not completed in time for evaluation in thisinterim report.  Therefore, this interim report
presents the evaluation findings of the integration of 27 ramp meter signals along 1-494 with
an adaptive treffic control system. The evaluation of adaptive control on the arterial street
system in the study corridor will be reported in a following interim report for Module 3.

Based on the ICTM Evaluation Design Plan prepared for the test, atotal of eight detailed
individual evaluation test plans (IETPs) have been designed to evaluate the effectiveness of
ICTM in the 1-494 corridor. The test plans address: 1) traflic volume, safety and operating
efficiency parameters such astravel speeds, intersection delays, backups and cycle failures
during peak and off-peak time periods on both the arterial and freeway systems; 2) adaptive
control system capabilities; 3) impact on corridor motorists, residents and businesses and their
travel pattern decisions; 4) legal or institutional issuesidentified during project deployment;
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Figure 2. ICTM Deployment Plan

1994 1995: 1996: 1997 1998
Module 1 Module 2 Module 3 Module 4
o System Hardware « System - 41 Traffic Signals - Motorist
and Software Jntegration . 11CCTVon Information
. 21 Traffic Signds « 27 Ramp Meters Arteriad System Devices
« Video Detection  « Develop « 2VMSFreeway  * 'mplement
a 4 Sites Operation Plan , Trzining Operation Pan
- Develop » Training . Communication  ne Incident
Communication Network Special Event
Plan Hen
Evaluation Plan
« Develop « Develop « Data Collection « Data Collection « Data Collection
Evaluation Plan Evaluation Design

« Interim Report 1 « Interim Report 2 « Fina Report

and 5) cost of system deployment. A detailed description of each test plan and data analysisis
included in the following sections of thisreport. A summary of the Data Management Plan
prepared for the IETPs is summarized in the appendix to this report.

Thisinterim report is organized into five chapters and an appendix. Chapter I, “Introduction”
describes the study purpose and scope; Chapter 11, “ Test Plan Descriptions’ describes the
content of the eight IETPs developed to evaluate the impact of each ICTM module, data
collection/analysis activities conducted to date and any outside influences that may have
impacted that data; Chapter 111, “ System Considerations’ describes how the different data
elements and evaluation measures of effectiveness (MOES) are related to determine their net
cumulative affect on traffic efficiency in the [-494 corridor; Chapter IV, “ Results’ presents the
findings of before/after data evaluation collected for Modules 1 and 2; and Chapter V,

“ Conclusions’ summarizes the system impacts identified from implementation of ICTM
Modules 1 and 2. In addition to Chapters | through V, this report includes an appendix that
contains detailed data summaries and statistical evaluation or documentation for each IETP.
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II. Tet Plan Descriptions

In order to evaluate the effectiveness of each of the Modulesimplemented in the ICTM
project, eight Test Plans were developed to provide guidance in the evaluation process. Each
of the test plans has a unique purpose and addresses one or more of the National ITS Goals.
Thefollowing test plans have been prepared for evaluation of the ECTM operational test:

1. Changein Traffic Utilization of Transportation System in Corridor

Changein Corridor Operating Conditions

Ability of Adaptive Control System to Implement Alternative Traffic Control Plans
Changein Corridor Safety Parameters

. Project Cost and System Deployment

6. Vaueto Agencies

7. Impact on Corridor Motorists, Residents, and Businesses

8. Legal and Institutional 1ssues

or~ W

The following provides a brief description of each test plan, a summary of activities conducted
for each test plan, and any outside influences that could impact data collected for each test
plan. The bold text in each test plan MOE description indicates those measures where
before/after datais available to evaluate impacts from project deployment to date.

Test Plan #l - Changein Traffic Utilization of Transportation System in Corridor
« Test Description

The purpose of Test Plan # is to determine how well the ICTM system improves the use of
available corridor system capacity. Thetest includes a comparison of freeway and arterial
street traffic volume levels and its distribution passing through the study corridor at selected
“screenling” locations before ICTM implementation to traffic volume levels and its distribution
after implementation of each ICTM Module. Effectivenessis measured by the changein
screenlinetraffic volume levels and distribution during periods of normal, recurrent freeway
traffic congestion and periods affected by freeway system incidents. The following test
activities are used to evaluate the related ICTM goals, objectives, and MOEs. The MOES in
bold text are addressed within thisinterim report.

Test Activity Goal Addressed Objectives Addressed MOEs Addressed

Traffic Vdume Collection

Freeway Incident Data

1. Determine if ICTM will
respond to fluctuationsin
traffic flow, provide a safe
driving environment, and
facilitate the use of available

capecity.

1-1 Determine the effectiveness of
ICTM inimproving traflic
flow while making use of
available transportation
infrastructure in the corridor.

1-1.1 Increase in screenline
traffic volumes during
periods of recurrent
traffic congestion.

1-3 Determine the effectiveness of
the ICTM system for normal
and incident treffic
management.

I-3.1 Increase in soreenline
traffic volumesin
response to incidetns
traffic management plans

HNTB Corporation
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« National ITS Goals Addressed

Goal 2 - Increase the operational efficiency and capacity of the surface transportation
system.

Goal 5 - Enhance the personal mobility and the convenience and comfort of the surface
transportation system.

« Activities Performed

Traffic volume data was collected at two screenline locations before and after

implementation of Modules 1 and 2. Screenlines are located east of Nicollet Avenue and east
of Xerxes Avenue. The before data includes a one week sample of hourly volumes on 79th
Street, 1-494, 77th Street, and 76th Street at the Nicollet Avenue Screenline and on 80th
Street, 1-494, and 76th Street at the Xerxes Avenue Screenline. Before data was collected
during the August 14 to September 15, 1995 time period. After Modules 1 and 2 data was
collected during the April 8 to May 10, 1996 time period. Adjustments were made to mid-
day and Saturday traffic volumes observed during the 11:00 AM to 2:00 PM time period to
account for seasonal variations in traffic flow. Peak period volumes were not adjusted based
on the constant traffic patterns exhibited by commuters during these time periods.

Screenline traffic volume levels and distribution changes caused by freeway incidents was
not addressed in this element of the operationa test (MOE |-3.1). That element of the
evauation will rely on the implementation of incident management strategies implemented in
ICTM Module 4. The TMC Incident Log was reviewed for each day in which screenline
traffic volume data was collected. Traffic volume samples affected by freeway incidents
were identified and removed from the analysis of screenline volumes during periods of
recurrent traffic congestion (MOE |- 1.1).

Test Plan #2 - Change in Corridor Operating Conditions

« Test Description

The purpose of Test Plan #2 isto determine how well the ICTM system responds to
fluctuationsin traffic flow and facilitates the use of available corridor capacity. This test
involves a“before/after” system implementation comparison sample analysis of travel time,
ramp meter queue delay, intersection cycle failure and queue delays. The following test
activities are conducted to evaluate the related ICTM goals, objectives, and MOEs. The
MOEs in bold text are addressed within this interim report.
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Test Activity

Goal Addressed

Objectives Addressed

MOEs Addressed

Travel Time Studies

1 Determine if ICTM will
respond to fluctuations in
trafficflow, provide a safe
driving environment and
facilitate the useof available

capacity.

1-1Determine the effectiveness of
ICTM in improving trafficflow
while making use of available
transportation infrastructure in
the corridor.

[-1.2 Decrease intravel time
through the corridor.

1-1.3 Reduction in the
number of arterial
vehicle stops and delay
within the corridor.

Ramp Meter Queue

Ramp Meter Timing
Plan Documentation

—_

. Determine if ICTM will
respond to fluctuations in
traffic flow, provide a safe
driving environment. and
facilitatethe use of available

capacity.

1-1 Determine the effectiveness of
ICTM in improving trafficflow
while making use of available
transportation infrastructure in
the corridor.

1-2 Determine the effectiveness of
ramp meter and ramp terminal
interfaces.

1-1.4Reduction in queue
delays on freeway
entrance ramps.

I ntersectionQueue/
CycleFailure Studies

Movement Counts

[N

. Determine if ICTM will
respond to fluctuations in
traffic flow, provide a safe
driving environment, and
facilitatethe use of available

Plan Documentation

Traffic Signal Timing capacity.

I-1 Determine the effectiveness of
ICTM in improving trafficflow
while making use of available
transportation infrastructure in
the corridor.

1-2 Determine the effectiveness of
ramp meter and ramp terminal
interfaces.

[-1.5 Reduction in queue
lengths and delaysat
arterial intersections.

1-2.1 Reduction in the
number of cycle failures
at arteria and ramp
terminal intersections.

« National ITS Goals Addressed

Goal 2 - Increase the operationa efficiency and capacity of the surface transportation

system.

Goa 4 - Enhance present and future productivity.
Goa 5 - Enhance the persona mobility and the convenience and comfort of the surface

transportation system.

« Activities Performed

1. Travel Time Studies were conducted on the following routes. Penn Avenue, France

Avenue, Lyndale Avenue, Nicollet Avenue, Portland Avenue, 12th Avenue, 24th
Avenue, 76th Street, 77th Street, 79th Street, 80th/82nd Street, and 1-494. Ten runs were
completed on each of the twelve routes during the AM Peak Period, Weekday Midday
Period, PM Peak Period, and Saturday Midday Period for before and after Modules 1
and 2. Before data samples were collected between February 1994 and November 1995.
After implementation of Modules 1 and 2 data samples were collected in April and May

of 1996.

2. Freeway Ramp Oueue Studies were conducted at the following ramp meter locations:

|-494 EB; France Ave NB, Penn Ave, Lyndale Ave, 12th Ave and 1-494 WB; 24th Ave,
Lyndale Ave, Penn Ave, France Ave SB. A one-day sample of “before” ramp queue
lengths was collected during a one-hour time period for the AM and PM peak periodsin
August 1995. A one-day sample of “after” ramp queue lengths was collected during a
two-hour time period for both the AM and PM peak periodsin April and May of 1996.
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Freeway on-ramp meter operating rate and traffic volume data was also collected for
corresponding study periods.

3. Intersection Queue Studies were conducted at the following intersections: France Ave &
80th St., Penn Ave & 76th St., Penn Ave & 1-494 South Ramp, Penn Ave & 80th St.,
Lyndale Ave & 1-494 North Ramp, Lyndale Ave & 79th St. A one-day sample of
“before” intersection queue lengths was collected during a one-hour time period for the
AM peak, weekday midday, PM peak, and Saturday midday periods in August of 1995.

A one-day sample of “after” intersection queue lengths was collected during a two-hour
time period for the AM peak, weekday midday, and PM peak periodsin April and May of
1996. Turning movement count data was aso collected at sample intersections in April
and May of 1996. The signal integration components of Modules 1 and 2 did not directly
effect the arterial intersection operation due to implementation delays and communication
problems. Therefore, all intersection study data collected to date will be used as baseline
data for the evaluation of ICTM Module 3.

Test Plan #3 - Ability of an Adaptive Control System to Implement Alternative
Traffic Control Plans.

« Test Description

The purpose of Test Plan #3 is to determine the effectiveness of an adaptive control system to
manage traffic during normal (recurrent congestion) conditions as well as during traffic
fluctuations caused by incidents. This test involves an analysis of ICTM system operator
perceptions of the adaptive control system timing plans during normal and incident traffic
conditions. Specifically, operator perceptions of the effectiveness of the adaptive control
system to implement timing plans in response to fluctuations in traffic flow will be evaluated.
The test also assesses the promptness of the adaptive control system to implement timing
plans to changing traffic flow conditions and the coherence of transitions between different
timing plans and integration of freeway / arterial street system operation. The following test
activity will be used to evaluate the related ICTM goals, objectives, and MOEs.

Test Activity Goal Addressed Objective Addressed MOEsAddressed
Operator Interviews/ 1. Determine if ICTM will 1-3 Determine the I-3.2 Operator’'s perception of
Surveys respond to fluctuations in effectiveness of the ICTM adaptive control system

trafficflow, provide a safe system for normal and timing plan

driving environment, and incident traffic implementationand
facilitatesthe use of management. transitionunder normal
availablecapacity. conditions.

I-3.3 Operator's perception of
adaptive control system
timing plan
implementationand
transitionunder
incident/special event
conditions.
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- National ITS Goals Addressed

Goal 2 - Increase the operational efficiency and capacity of the surface transportation
system.

Goal 4 - Enhance present and future productivity.

Goal 5 - Enhance the personal mobility and the convenience and comfort of the surface

transportation system.

. Activities Performed

There were no activities performed to address this test plan since the adaptive control at
arterial traffic signals were not operational until the Fall of 1996. Operator interviews will. be
conducted as part of the evaluation of Module 3 and Module 4.

Test Plan #4 - Change in Corridor Safety Parameters

« Test Description

The purpose of Test Plan #4 is to determine the effectiveness of the ICTM project to increase
corridor safety by reducing arterial and freeway accidents. The following test activities will
be used to evauate the related ICTM goals, objectives, and MOEs. The MOEs in bold text
are addressed within thisinterim report.

Test Activity

Goal Addressed

Objectives Addressed

MOEs Addressed

Travel Time Studies

T Determine 1T ICTM will
respond to fluctuations in
trafficflow, providea safe
driving environment and
facilitatethe use of available

capacity.

14 Determine the effect of
ICTM on corridor safety.

14.1 Reduction in speed
fluctuations along the
freeway attributed to
ICTM.

Mn/DOT Accident (TIS)
Database

1 Determine It ICTM will
respond to fluctuations in
traffic flow, provide a safe
driving environment and
facilitatethe use of available

capacity.

14 Determine the effect of
ICTM on corridor safety.

14.2 Reduction in
freeway/arteria accident
frequencies and severity.

« National ITS Goals Addressed

Goal 1- Improve the safety of the nation’s surface transportation system.
Goal 2 - Increase the operationa efficiency and capacity of the surface transportation

system.

Goal 5 - Enhance the personal mobility and the convenience and comfort of the surface
transportation system.
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Activities Performed

1. Freeway Speed Fluctuation data was collected from travel time studies on the freeway
system as described in Test Plan 2. Ten runs were conducted in each direction on 1-494
during the AM and PM peak periods. “Before” data samples were collected in May of
1994, and “after” data samples were collected in the April/May 1996 time period.

2. Accident Data on the freeway and arterial street system within the study corridor was
summarized for the year of 1994. The 1994 data will be used as baseline datain the
evauation of ICTM Module 4. No impact on traffic safety isincluded as part of this
interim report.

Test Plan #5 - Project Cost and System Deployment
o Test Description

The purpose of Test Plan #5 is to identify the cost of the ICTM operational test, the cost of
system expansion within the 1-494 test corridor, and the expandability and transferability of
ICTM to other corridors. This test plan involves the documentation of all costs associated
with the ICTM operational test and estimates the costs associated with continued use and
expansion after the test. The evauation relies on documentation of al capital, equipment,
installation, maintenance, training, and operating costs of the ICTM system components as
well as all contributions from participants involved in the project. The costs associated with
the operational test will be used to project costs of continued and expanded use. The
following test activities are conducted to evaluate the related ICTM goals, objectives, and
MOEs. The MOEs in bold text are addressed within this interim report.
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Meet with ICTM Project

Test Activity Goa Addressed Objectives Addressed MOEsAddfessed
Review of ICTM 5. Determine the expandability 5-1 Document current costs of 5-1.1 Document all fixed and
Documents and transferability of ICTM. the operational test on-going costs.

5-1.2 Document public/private
sector contributions.

5-2 Edtimate the cost of system

5-2.1 Document required

Manager expansion within the infrastructure

existing participating improvementsand costs for
Interview & Discussion jurisdictional boundaries. expansion in
Groups with Front-line implementtion plan.

Operations Managers

5-3.1 Document the base
conditionswhich warrant
the ICTM concept for
another corridor.

5-3.2 Document core
infrastructure required to
incorporate ICTM system.

5-3.3 Document variable and
on-going costs for
deployment in another
corridor.

5-3.4 Document critical issues
and procedures needed for
implementation of ICTM
concept.

5-35 Document lessons learned
in deploying the ICTM
system.

5-3 Document the conditions
and costs of deploying the
systemin another congested
corridor

« National ITS Goal Addressed

Goal 6 - Create an environment in which the devel opment and deployment
of ITS can flourish.

« Activities Performed

The evaluation contractor has reviewed ICTM cost and contribution records. All costs
encountered thus far in the operational test have been documented and summarized for
deployment of Modules 1 and 2. Public and private partner soft and hard contributions have
also been documented. The expandability issuesidentified in interviews with front-line
operation managers will be reported in the evaluation of Module 3 and Module 4.

Test Plan #6 - Value to Agencies
o Test Description

The purpose of Test Plan #6 is to determine the value of ICTM to participating transportation
agencies. The evaluation assesses agency perceptions of the effectiveness of ICTM to manage
corridor traffic, meet the needs of participating agencies, operate corridor traffic control via
adaptive control, and assess the effects of ICTM on the transportation system. The evaluation
relies on interviews and discussion groups with key agency personnel. The following test
activities will be conducted to evaluate the related ICTM goals, objectives, and MOEs.
HNTB Corporation
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Agency Operations Staff
Interviews/ Discussion
Groups

Agency Operation Logs

facilitate the use of available
capacity.

Test Activities Goal Addressed Objectives Addressed MOEs Addressed
Agency Front-Line 1. Determine if ICTM will 1-3 Determine the effectiveness | 1-35-Agency perceived value of
Managers respond to fluctuationsin of the ICTM system for expanded traffic control
Interviews/Discussion trafficflow, provide a safe normal and incident and motorist information
Groups driving environment, and management devicesfor normal and

incident management.

2.Determine how well multiple
transportation agencies can
work together to manage a
congested leeway.

2-1 Determine the extent that
corridor-widetraffic
management principles
meet agency needs and
expectations.

2-2 Determine to what extent
inter-jurisdictional
operationsand maintenance
strategies meet agency
needs.

2-3 Assess the individual
agency’ s perceptions of the
value of integrated corridor
traffic management

2-4 Determine ifcurrent or
planned arterial capital
improvements can be
modified to accommodate
ICTM.

2-1.1 Document conditions when
agenciesdid not conform
to corridor-wide principles.

2-12 Traffic managers perceived
added value of corridor-
wide traffic management
principles.

2-2.1 Agency perceived benefits
of inter-jurisdictional
operations and
maintenance strategies.

2-2.2 Document the impacts of
inter-jurisdictional
operations and
maintenance on agency
staffing requirements,
workload, and costs.

2-3.1 Agency perceived added
value of multiple agencies
working together.

2-3.2 Agency perceived
improvement in corridor
operations compared to
current operations.

2-3.3 Agency perceived
usefulness of surveillance
components for operation
PUrposes.

2-4.1 Agency perceived added
value of modified capital

improvement projects.

3. Determine if available
advanced technology toolsare
capable of facilitating corridor
traffic management and the
collection and dissemination
of corridor information
between agencies.

3-1 Determine if anadaptive
control systemis effective
in monitoring corridor-wide
trafficconditions.

311 Agency’s perception of the
CATSsystem
accessihility.

3-1.2 Agency's perception of the
communication network
reliability.

3-1.3 Agency's perception of
ICTM training and
support.

3-14 Document mean time
between SCATS system
failures.

3-15 Agency's perception of
ability to manage corridor
operationsviaSCATS.

3-1.6 Document SCATS system
operationd limitations and
restrictions.

3-1.7 Agency perceived
usefulness of system data
to support maintenance
needs and operational
analysis.

6. Evauate transportation system
impacts,

6-2 Assessthe affectsof ICTM
on traffic control systems
bordering the corridor.

6-2.1 Agency's perception of
ICTM impact on freeway
and arterid traffic
operationsbordering the
operationa test area
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- National ITS Goals Addressed

Goal 2 - Increase the operational efficiency and capacity of the surface
transportation system.
Goal 6 - Create an environment in which the devel opment and depl oyment
of ITS can flourish.
. Activities Performed

There were no activities performed to address this test plan. Agency interviews, discussion
groups, and user logs will be conducted as part of the evaluation of Module 3 and Module 4.

Test Plan #7 - Impact on Corridor Motorists, Residents and Busnesses

« Test Description

The purpose of Test Plan #7 isto assess the public perception of traffic conditions and travel
patterns before and after the implementation of ICTM principles. The evaluation assesses
corridor residents’, motorists', and business manager’ s perceptions of changesin traffic
conditions directly attributed to the ICTM operational test. The following test activities will
be used to evaluate the related ICTM goals, objectives, and MOEs.

Test Activity

God Addressed

Objectives Addressed

MOEs Addressed

Corridor Motorists
Telephone Survey

Corridor Resident Focus
Group

Corridor Business
Operator Focus Group

4. Determine the usefulness of traffic
control strategies, public relations
plan, and motoristinformation to the
motorists.

4- Determine if theprovided
corridor traffic
information issufficient
for the motorist to make
informed decisionson
route choices.

4-2 Assess motorist
perceptions of the
effectiveness of ICTM.

4-3 Assess the effectiveness of
the ICTM public relations
plan.

4-1.1 Motorist’s perception of
ICTM information (clarity,
accuracy, timeliness).

4- 12 Change in travel patterns
attributed to corridor traffic
information.

4-2.1 Change in motorist’s attitude
in route selection for all trips.

4-2.2 Motorist perceived
improvement in corridor
traffic operations attributed
to ICTM.

4-31 Motorist perceived awareness
of project.

4-3.2 Motorist perceived support for
the project based on the
information presented.

6. Evauate transportation system
impacts.

6-3 Assessthe effects of ICTM
on the residential and
business communities
within the corridor.

6-3.1 Corridor residents and
businesses perceived changes
in traffic conditions (safety,
volume, operating
conditions).

6-3.2 Corridor residents and
businesses perceived value of
ICTM project improvements.

-12 -
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- National I TS Goals Addressed

Goal 2 - Increase the operational efficiency and capacity of the surface
transportation system.

Goal 4 - Enhance present and future productivity.

Goal 5 - Enhance the personal mobility and the convenience and comfort of the
surface transportation system.

Goal 6 - Create an environment in which the devel opment and depl oyment
of ITScanflourish.

« Activities Performed

1. A Motorist Telephone Survey was completed in the April/May 1996 time period.
MarketLine Research, Inc. completed the baseline telephone survey of 383 corridor
motorists. The summarized baseline data will be compared to “after” ICTM survey data
scheduled to be collected in the spring of 1998.

2. A Resident Focus Group session was conducted on April 10, 1996. PowerMax
Consulting conducted and summarized baseline resident focus group comments from five
residents living within the ICTM corridor. The summarized baseline data will be compared
to “after” ICTM focus group data scheduled to be collected in the spring of 1998.

3. A Business Onerator Focus Group session was conducted on April 11, 1996. PowerMax
Consulting conducted and summarized baseline business operator focus group comments
from six managers/operators of businesses within the ICTM corridor. The summarized
baseline data will be compared to “after” ICTM focus group data scheduled to be
collected in the spring of 1998.

Test Plan #8 - Legal and Institutional Issues
o Test Description

The purpose of Test Plan #3 isto document all issues encountered during the ICTM
Operationa Test including resolutions to issues and impact on agency policies, procedures
and agreements. Thistest involves documenting all multi-agency agreements, legal and
ingtitutional issues which have been encountered during the implementation of ICTM. In
addition, resolutions to these issues and policies and procedures which have been altered will
also be documented. The following test activities are conducted to evaluate the related ICTM
goals, objectives, and MOEs. The MOEs in bold text are addressed within this interim report.
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Test Activity Goad Addressed | Objective Addressed MOEs Addressed
Review of ICTM Documents 5. Determine the expandability | 5-4 Determine the impact of 5-4.1 Document all multi-

and transferability of legal and institutional agency agreements.
I nterviews/Discussion Groups ICTM. iSsues. 5-4.2 Document all legal oF
with Front-Line Operations institutional issues
Managers encountered and the

resolutionsto those
resolved.

5-4.3 Document policiesar
procedures altered
duetoICTM

« National ITS Goal Addressed

Goal 6 - Create an environment in which the development and deployment
of ITS can flourish.

. Activities Performed

The evaluation contractor has reviewed ICTM documentsincluding the Operational Test
Proposal, the Implementation Plan, the Maintenance Plan, Federal Quarterly Progress
Reports, and minutes from the ICTM Management Team, Operations Committee, and
Evaluation Committee meetings.. All legal and ingtitutional issues encountered thus far in
deployment of the operationa test have been documented and summarized. Public and
private partner agreements and policies have also been documented. The legal and
institutional issuesidentified ininterviewswith front-line operation managerswill be reported
as part of the evauation of Module 3 and Module 4.

Outside Influences

Influential activities occurring within the study corridor beyond the control of the operational
test, could involve roadway construction activities, labor strikes, extreme weather conditions,
retail and commercial development, operational test complications, and freeway incidents.
Thefollowing summarizesthose activities identified during thisfirst phase of the ICTM
operational test:

a_Construction Activities occurring during traffic data collection for the evaluation of

Modules 1 and 2 include the following:
77th Street - Road reconstruction between Lyndale and Cedar Avenues completed
October 1995.

« 76th Street ramp to NB 1-35W was closed from April 15 until mid-July1996

« 76th Street bridge over 1-35W was reduced to a single lane in both directions from
April 29 until May 22, 1996
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« |-494 EB had arestricted 45 mph speed limit on the bridge over 1-35W from April 15 until
September 23, 1996

« 79th Street at Lyndale Avenue, unscheduled gas line work, 79th Street reduced to asingle
lane on May 7, 1996

It appears that the principle change in facility usage fromroadway construction activities
occurred on the improved segment of 77th Street, which attracted traffic from parallel
arterial streets, particularly 76th Street andpotentially some tripsfrom[-494.

b. Labor Strikes occurring during the operational test include the following:
Metropolitan Council Transit Operation, October 1995

Data collection occurred before and after the strike and should not have been greatly
impacted by the temporarily increased automobile dependency that may have occurred
during the strike.

c. Retail and Commercial Develooment occurring during the implementation of Modules 1
and 2 include the following:
« Shopsof Lyndale at Lyndale Ave and 77th Street
- Phase 1 opened November 1995, included 117,000 sg. ft of retail including a Best
Buy and Sport Mart superstores
- Phase 2 opened October 1995, included 114,000 sg. ft of retail including aLand’'s
End Outlet, Petsmart, and Baby Superstore
« Wamart discount store opened 160,000 sg. ft store at 79th Street and Chicago Avenuein
January 1995.
« Southtown Shopping Center at Penn Avenue and 79th Street expanded 120,000 sq. ft of
retail shopsincluding Kohl’s Department Store throughout 1995 and 1996.
« Circuit City electronic superstore opened 116,000 sg. ft of retail at 78th Street and
Johnson Avenuein January 1995.
« Seagate Technologies expanded 225,000 sg. ft of industrial at 78th Street and Computer
Avenuein September 1996.

According to trip generation data published by the Institute of Transportation Engineers, this
new devel opment could be expected to generate up to the following number of additional
tripsin the study corridor:

Weekday 19,500 tripsper day
AM. Peak Hour 600 trips per hour
P.M. Peak Hour 1,800 tripsper hour
Saturday 22,000 trips per day

This trip growth in the study corridor would be distributed over the entire transportation
systemnetwork. Corrections were not made to adjust the conclusions identified in this
interim evaluation but are noted in traffic volume changes across the corridor screenlines.
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d. ICTM Operational Test Complications directly affecting the collection of traffic data
included:
Adaptive Control System communication failure, no adaptive control week of April 22,
1996

Evaluation data was not collected during the week of April 22, 1996.

e. Freawav Incidents

Baseline freeway and arterial traffic operating condition data was collected during the fall of
1995 as shown below. Comparative after module 1 and 2 data was collected in the spring of
1996 as aso shown below:

DataType Before (1995) After (1996)
1. Screenline Volumes August 8 - September 18 April 8-20 & May 6-1 1
2. Travel Times February - May April/May
August - November
3. Ramp Queue / Delay August April/May
4. Intersection Queue / Delay August April/May

1. Atotal of seven freeway-related incidents were reported during the “before” baseline data
collection time period that could have impacted the evaluation of traffic operating
conditions data:

« Incidentswithin ICTM Corridor during AM Peak Period
- D53 1/94, 7:45-7:47 - 1-494 WB at France Ave, 4-car accident in left lane

- 5/31/94, 8: 19-8:26 - 1-494 WB at Nicollet Ave, stalled vehiclein left lane

- 8/17/95, 8:06-8:26- 1-494 WB at Lyndale Ave, stalled vehicle in center lane

« Incidentswithin ICTM Corridor during PM Peak Period
- 526/9 18.02- 8: 50 - 1-494 EB at France Ave, vehiclein left lane

« Incidentswithin ICTM Corridor during Midday or Off-Peak Periods

- 8/14/95 1, 6:00-1 6:22 - 1-494 EB at Nicollet Ave, stalled vehicle blocking |eft
lane/shoulder.

- 8/16/95, 12:53-1:25-1-494 WB at Lyndale Ave, stalled truck blocking right
lane/shoulder.
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2. A totd of eight freeway-related incidents were reported during the “after” data collection
time period that could impact the evaluation of traffic operating condition data:

« Incidentswithin ICTM Corridor during AM Peak Period
- Noneidentified

« Incidentswithin ICTM Corridor during PM Peak Period
- 4/12/96, 14:55-15:31 - 1-494 WB at 1-35W, 2-car accident in right lane
- 4/1 5/96, 17: 15-17:46 - 1-494 WB at Lyndale Ave, 3-car accident in left lane
- 4/19/96, 15: 15-15:35 - 1-494 EB at Lyndale Ave, 3-car accident in center lane
- 5/6/96, 16: 1 1-I 6:37 - 1-494 WB at Lyndale Ave, 1 ddledcer in left lane

- 5/7/96, 15:07-16:34 - 1-494 EB at TH 100, 3-car accident in right shoulder
Incidents within ICTM Corridor during Midday or Off-Peak Periods

- 4/16/96, 13:06-13:31 - 1-494 EB at TH 100, 2-car accident in center lane

- 5/6/96, 19:20- 19:45 - 1-494 EB at TH 100, I-car accident in right shoulder
« Incidents Outside ICTM Corridor

- 5/14/96 - 1-494 EB and WB at US 6 1, closed for accident, ten miles east of corridor

To ensure that the data evaluation was not impacted by the above incidents, traffic operating
condition data collected during these incident time periods was not used in the evaluation.
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sem _Considerations

The eight IETPsdeveloped for evaluation of the ICTM project, previously described in the
report, identified a total of 47 measures of effectiveness or documentation issues that need to
be addressed. To accurately assess the impacts of ICTM in the [-494 corridor, a set of
comprehensive data sources were identified. The data sources include quantitative traffic
engineering measurements, agency and public perceptions, documented system performance
issues and project implementation costs. Many of these data sources intentionally overlap
each other to confirm or support system conclusions. A general description of each data
source is described below:

Quantitative data sources include comparative measurements of before/after freeway and
arterial traffic operating conditions, such as changes in screenline traflic volumes; travel
time, speed, and delay, intersection and freeway entrance ramp queue delays; and corridor
accidents. Quantitative data are established based on direct field measurements and/or
computations of traffic operating conditions.

Agency Perceotions on corridor operations due to ICTM will be collected from discussion
groups, interviews, and participating agency logs. Specifically, the agencies will provide
insight to the value of adaptive traffic control effectiveness, surveillance components,
modified capital improvement projects, inter-jurisdictional operations/ maintenance, and
ICTM training/support.

Public Perceptions will be collected from discussion groups with corridor residents and
business managers as well as through telephone surveys of corridor motorists. The
discussion groups and telephone surveys will inquire public perceptions on changesin
corridor operating conditions, usefulness of ICTM motorist information, and changes in
travel patterns and route selection.

Documentation of Svstem Performance Issues will be collected through agency
logg/interviews and review of ICTM documents. Information gathered will be used to
identify adaptive control system limitations, restrictions, and failures; impacts of inter-
jurisdictional operationg/maintenance on agency staffing/workload; policies, procedures
and agreements established/altered; legal and institutional issues encountered and their
resolution.

Documentation of Svstem Costs will be collected to identify unit costs associated with
ICTM components that can be used to estimate the cost of system expansion or
deployment in another community: Costs will be documented through review with the
ICTM Project Manager cost and contribution records.
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In order to apply these different data sources to a system-wide evaluation analysis, it is
necessary to identify the inter-relationship between different data sources and each MOE or
documentation issues addressed in the eight IETPs. Keeping in mind that the basic goal of
ICTM isto improve the efficiency of traffic movement in the congested -494 corridor using
the existing infrastructure and advanced technologies, the IETPs can be bundled into the
following five basic evaluation areas:

1

Ability of ICTM to manage corridor traffic conditions during both normal and
freeway incident time periods,

Ability of ICTM toimplement an effective motorist information program,;
Impact of ICTM on bordering traffic control systems;

Ability of ICTM to make use of available transportation infrastructure and its
expandability or transferability to another area; and

Ability of multiple transportation agencies to work together and manage trafficin a
congested freeway corridor.

A description of the data source, the test plan and measures of effectiveness related to each of
the above evaluation areas is summarized on the following tables. All MOEs that have
before/after data comparisons are indicated in bold type. MOEs that have documented before
condition data only are indicated with an asterisk (*):
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EVALUATION AREA 1. Ability of ICTM to manage corridor traffic conditions
during both normal and freeway incident time periods.

Data  Sources

Test Plans

Measures Of Effectiveness

Quantitative

Test Plan 1

1-31- Increase in screenline trafficvolumes in response to incident management plans.

Test Plan 2

I-1.2 - Decrease in travel time through the corridor.

I-1.3- Reductionin the number of arterial vehicle stops and delaywithin the corridor.*
1-1.4 - Reduction in queue delays at freeway entrance ramp meters.

1-1.5- Reduction in queue delaysat arterid intersections.*

1-2.1- Reduction in the number of cyclefailuresat arterial and ramp terminal
intersections.*

Test Plan4

1-4.1- Reduction in speed fluctuations along the freeway attributed to ICTM.
|-4.2 - Reduction in freeway/arterial accident frequency and severity.*

Agency Perception

Test Plan3

|-3.2- Operator' s perception of adaptive control timing plan implementation and
transition under normal conditions.

I-3.3 - Operator’ s perception of adaptive control timing plan implementation and
transition under incident conditions.

Test Plan 6

I-3.5 - Agency perceived value of expanded trafficcontrol and motorist information
devicesfor normal and incident management.

2-1.2 - Traffic managers and operators perceived added value of corridor-wide traffic
management principles.

2-3.2 - Agency perceived change in corridor operations compared to current operations.
2-3.3 - Agency perceived usefulnessof surveillance components for operation purposes.
2-4.1 - Agency perceived added value of modied capital improvement projects.

3-1.1 - Agency’ sperception of the adaptive control system accessihility.

3-1.2 - Agency's perception of the communication network reliability.

3-1.3 - Agency’ sperception of ICTM trainingand support

3-15 - Agency’ sperception of ability to manage corridor operations viaadaptive
control.

3-1.7 - Agency perceived usefulnessof system data to support maintenance and
operationa analysis.

Public Perception

Test Plan7

4-11 - Motorist's perceptionof ICTM information (clarity, accuracy, timeliness).*
41.2 - Changein travel patterns attributed to corridor traffic information.*
4-2.2- Motorist perceived improvement in corridor operations attributed to ICTM.*

6-3. 1- Corridor residents and businesses perceived changes in traffic conditions (safety,
volume, operating conditions).*

6-3.2 - Corridor residentsand businessesperceived value of ICTM project
improvements.*

Performance Issues

Test Plan 6

3-1.4- Document mean time between adaptive system failures.
3-1.6 - Document adaptive control — system operational limitations and restrictions.
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EVALUATION AREA 2:  Ability of ICTM toimplement an effective motorist
information program.

DataSources Test Plans Measures of Effectiveness
Agency Perception Test Plan 6 I-3.5 - Agency perceivedvalue of expanded traffic control and motorist information
devicesfor normal and incident management.
Public Perception TestPlan7 4-1.1- Motorist’sperception of ICTM information (clarity, accuracy, timeliness).*

4- 1.2 - Change intravel patterns attributed to trafficinformation. *

4-2.1 - Change in motorist’ sattitude in route selection for all trips.*

4-2.2 - Motorist perceived improvement in corridor operations attributed to ICTM.*
4-3.1- Motorist perceived awareness of the project.*

4-3.2 Motorist perceived support for the project based on the information presented.*

6-3.1 - Corridor residentsand businesses perceived changes in traffic conditions (safety,
volume, operating conditions).*

6-3.2 - Corridor residents and businesses perceivedvalue of ICTM project
improvements.*

EVALUATION AREA 3

Impacts of ICTM on bordering traffic control systems.

Data Sources

Test Plans

Measures or Erfeciveness

Agency Perception

Test Plan 6

2-1.2 - Traffic managersand operators perceived added value of corridor-widetraffic
management principles.

2-3.2 - Agency perceived change in corridor operations compared to current operations.
2-3.3 - Agency perceived usefulness of surveiilance components for operation purposes.

6-2.1- Agency's perception of ICTM impact on freeway and arterial traffic operations
bordering the operational test area.

Public Perception

Test Plan7

4-2.2 - Motorist perceived improvement in corridor operations attributed to ICTM*

6-3.1 - Corridor residentsand businessesperceived changes in traffic conditions (safety,
volume, operating conditions).*

6-3.2 - Corridor residentsand businesses perceived value of ICTM project
improvements.*

Performance Issues

Test Plan 6

2-1.1 - Document conditionswhen agenciesdid not comply to corridor-wide principles.
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EVALUATION AREA 4: Ability of ICTM to make use of available transportation

infrastructure; and its expandability or transferability to
another area.

Data Sources

Test Plans

M easures of Effectiveness

Quantitative

Test Plan 1

1-1.1 - Increase in screenline traffic volumes during periods of recurrent traffic
congestion.

Agency Perception

Test Plan 6

2- 1.2 - Trafficmanagers and operators perceived added value of corridor-wide traffic
management principles.

2-3.2 - Agency perceived change in corridor operations compared to current operations.
3-15 - Agency’s perception of ability to manage corridor operations viaadaptive
control.

3-1.7 - Agency perceived usefulnessof system data to support maintenance and
operationa analysis.

Public Perception

Test Plan7

4-1.2 - Change intravel patterns attributed to traffic information.*
4-2.1 - Change in motorist’s attitude in route selection for al trips.*
4-2.2 - Motorist perceived improvement in corridor operationsattributed to ICTM.*

6-3.1 - Corridor residents and businessesperceived changes in traffic conditions (sefety,
volume, operating conditions).*

6-3.2 - Corridor residentsand businesses perceived value of ICTM project
improvements.*

Performance |ssues

Test Plan 5

5-3.1- Document the base conditionswhich warrant the ICTM concept for another
corridor.

5-3.2 - Document core infrastructure required to incorporatethe ICTM system.

5-34 - Document critical issues and procedures needed for implementation of ICTM
concept

5-3.5 - Document lessons learnedin deploying the ICTM system.

Test Plan 8

5-4.2- Document all legal and institutional issues encountered and the resolutions
to those resolved.

costs

Test Plan 5

5-1.1- Document ail tied and on-going costs.
5-1.2 - Document public/private sector contributions.

5-2.1 - Document required infrastructure improvements and costsfor expansion in
implementation plan

5-3.3 - Document variable and on-going costs for deployment in another
corridor.
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« EVALUATION AREA 5: Ability of multiple transportation agencies to work together
and manage traffic in acongested freeway corridor.

DataSources Test Plans Measures of Effectiveness

Agency Perception Test Plan 6 2-2.1 - Agency perceived benefits of inter-jurisdictional operations and maintenance
strategies.

2-3.1 - Agency perceived added value of multiple agencies working together.

Performance |ssues Test Plan 6 2-1.1- Document conditionswhen agencies did not comply to corridor-wide principles.

2-2.2 - Document the impacts of inter-jurisdictional operationsand maintenance on
agency staffing requirements, workload, and costs.

Test Plan8 5-4.1- Document all multi-agency agreements.

5-4.2 - Document all legal or institutional issues encountered and the resolutions
to those resolved.

5-4.3- Document policies or proceduresaltered dueto ICTM.

Costs Test Plan5 5-1.1- Document all fixed and on-going costs.

5-1.2 - Document public/private sector contributions.

As shown on these five evaluation area tables, the collection of before/after data has not been
completed for afull assessment of ICTM deployment. The bold text in each table indicates
those measures where before/after datais available to partially address MOEs in the eight
different test plans. Text with an asterisk indicates baseline “before” datathat has been
collected for comparison with data collected after deployment of modules 3 and 4. The data
available for before/after evaluation are contained in evaluation areas 1, 4 and 5, pertaining to
the following ten MOEs:

I-I.1 Increasein screenline traffic volumes during periods of recurrent traffic congestion.

I-] .2 Decrease in travel time through the corridor.

I-] .4 Reduction in queue delays on freeway entrance ramps.

[-4.1 Reduction in speed fluctuations along the freeway attributed to ICTM.

5-1. 1 Document al fixed and on-gding costs.

5- 1.2 Document public/private sector contributions.

5-3.4 Document critical issues and procedures needed for implementation of ICTM concept.
5-4.1 Document all multi-agency agreements.

5-4.2 Document all legal or institutional issues encountered and the resolutions to
those resolved.

5-4.3 Document policies or procedures atered due to ICTM.

Another 13 MOEs have “before” baseline data collection completed but not comparable at
this date with future data collection efforts. The following resultsrely on theten MOE's
directly documenting before/after changes that may be attributable to ramp metering
integration and supporting “before” only data, as well as project cost documentation for
ICTM deployment to date.

HNTB Corporation
MarketLine Research, Inc.
Power Max Consulting, Inc.
K.T. Analytics, Inc.
23 .



ICTM Interim Evaluation Report No. 1

V. Results

The results of this interim evaluation are principally limited to reporting on the effectiveness
of ramp meter integration with an adaptive traffic control system. The impact of this activity
is not considered to have affected arterial operating conditions in the [-494 study corridor.
The arteria street traffic control system integration was not operational in time for this
evauation and will not be reported until after the next data collection period of April - May
1997. Therefore, the results reported in this report will be focused on data collected for
before/after on-ramp and freeway operating conditions.

Thisanalysiswill look at the collective system considerations set forth in the previous
section of this report based on data collected to date. Many of thddetailed data summaries
used to describe the results reported herein are contained in the Appendix to this report.

 Evaluation Area 1: Ability of ICTM to manage corridor traffic conditions
during both normal and freeway incident time periods.

a) TRAFFIC VOLUME PATTERNS: This evaluation area focuses on changes in the
operational and traffic safety conditions of the transportation network in the study
corridor. A critical element in the evaluation of “before/after” traffic conditionsis a
determination of changesin traffic volume. Screenline traffic data was collected at
two locations in the 1-494 corridor: east of Nicollet and Xerxes Avenues. The
“before” ICTM traffic volume data was collected during the August/September 1995
time period. All other traffic datais scheduled to be collected during the April/May
time period of each year to coincide with implementation of future ICTM module
deployment. It was determined from the screenline data that corridor traffic level
changes varied by time of day. Asshownon Table1 A, screenline “before/after”
peak period traffic volume levels between 1995 and 1996 varied by +4.54 to -8.70
percent. Statistical testsindicate all but the 7:00 to 8:00 AM time period showed a
significant reduction in freeway and corridor-wide traffic volume levels. Similarly,
mid-day and Saturday traffic volume levels during the 100 AM to 2:00 PM time
period demonstrated a corridor-wide reduction in traffic volume levels. Freeway
volumes, however, did show a significant increase during the Saturday 11:00 AM to
2:00 PM time period. A review of the arterial system screenline data indicates that
traffic on 77th Street has increased significantly during the study period by a range of
+17.5t0 +83.2 percent. This increase is attributed to the construction activity on 7#h
Street during the collection of “before” traffic data and the completed construction
activity represented by the “after” traffic data. The “after” traffic datawill be used as
abaseline for future modul e deployment eval uation.
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Table 1A: Average Peak Period Corridor-Wide Traffic Volumes

AM Peak Period (6:00-9:00 am) AM Peak Hour (7:00-8:00 am)
Before . After | %change Before After % change
EB at Nicollet Ave 14,025 14,484 3.27% 5,394 5,639 4.54%
'WB at Nicollet Ave 17,790 17,382 -2.29% 6,537 6,570 0.50%
EB at Xerxes Ave 17,249 17,060 -1.10% 6,549 6,565 0.24%
WB at Xerxes Ave 22,027 21,458 -2.58% 8,202 8,032 -2.07%
Total 71,091 70,384 -0.99% 26,682 26,306 0.46%
PM Peak Period (3:00-6:00 pm) PM Peak Hour (4:00-5:00 pm)
- . Before After % change Before After % change
EB at Nicollet Ave 20,842 21,181 1.63% 7,305 7,423 1.62%
WB at Nicollet Ave 19,275 18,481 -4.12% 6,528 6,226 -4.63%
EB at Xerxes Ave 25,460 23,740 -6.76% 8,919 8,143 -8.70%
WB at Xerxes Ave 20,956 20,645 -1.48% 7,050 6,930 -1.70%
Total 86,533 84,047 -2.87% 29,802 28,722 -3.62%

Table 1B: Average Annual Midday/Saturday Corridor-Wide Traffic Volumes

Weckday Midday (11:00 am-2:00 pm) | Saturday Midday (11:00 am-2:00 pm)

Before After % change Before After % change
EB at Nicollet Ave 13,934 13,360 -4.12% 13,515 14,626 8.22%
WB at Nicollet Ave 14,699 13,784 -6.22% 14,272 13,676 -4.18%)
Nicollet Total 28,633 27,144 -5.20% 27,787 28,302 1.85%
EB at Xerxes Ave 17,908 16,962 -5.28% 16,307 16,656 2.14%)
WB at Xerxes Ave 16,562 16,570 0.05% 14,739 15,111 2.52%
Xerxes Total 34,470 33,532 -2.72% 31,046 31,767 2.32%
Total 63,103 60,676 -3.85% 58,833 60,069 2.10%

b) FREEWAY TRAVEL SPEED DATA: In addition to the collection of traffic volume
screenline data, data was collected as part of I[ETP 2 on transportation network travel
speeds and as part of IETP 4 on corridor accident conditions. For comparison
purposes, traffic volume on the freeway system on those days when before/after
travel speed data was collected increased by arange-of (+)2.88 to (+)7.15 percent in
the east and westbound directions, respectively, during the morning 7:30 to 8:30 AM
time period and by (+)4.73 to (+)4.26 percent during the evening 4:30to 5:30 PM
evening time period, as shown on Table 2. In comparison, as shown in Table 3,
average 7:30 to 8:30 AM peak hour travel speeds in the eastbound direction
decreased by (-)2.41 percent, and in the westbound direction increased by (+)42.37
percent. Speeds during the 4:30 to 5:30 PM peak hour increased by (+)9.91 and
(+)11.85 percent in the east and westbound directions, respectively. As shown on
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Figure 3, average travel speeds across freeway ramp meter zones on eastbound 1-494
remained relatively constant except during the 7:30 to 8:30 AM peak hour between
TH 77 and the Minnesota River which increased from a speed of 58.9 to 62.5 mph
and during the 4:30to 5:30 PM peak hour period on the 1-494 segment between E.
Bush Lake Road and Xerxes Avenue, where speeds were reduced from 39.0 to

36.1 mph. In comparison, westbound speeds in both ramp meter zones increased
during the AM and PM peak hours.

An important element of travel speed conditions involves the consistency of speeds
over time. As shown on Table 4, the range between eastbound minimum and
maximum travel speeds was reduced by 4.26 percent during the 7:30 to 8:30 AM
peak hour, and increased by 13.95 percent during the 4:30 to 5:30 PM peak hour. In
comparison, the westbound speed range was reduced by 1.96 and 14.58 percent
during both peak hour periods, respectively. According to data collected in IETP 7,
corridor motorists have indicated they perceive trip times on [-494 to be relatively
consistent or increasing during the year prior to implementation of ICTM. In fact, as
shown above, ICTM has provided a measurable improvement in travel time
consistency by reducing the range in travel speed in three out of four peak period
Cases.

ACCIDENT DATA: Speed consistency is considered an indirect measurement for
traffic safety potential. A wide travel speed range is normally an indicator of higher
accident conditions. A comparison of actual changes in freeway or corridor accident
frequencies will be provided in the final ICTM evaluation report. For reference
purposes, there were a total of 672 accidents reported on the study segment of -494
in 1994, of which 75 percent involved property damage only. Of the 672 freeway
accidents, 129 occurred during the morning peak period and 153 occurred during the
evening peak period.
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Table 2. Freeway Traffic Volume During Travel Speed Data Collection*

EASTBOUND
7:30 to 8:30 AM Peak HOUR
Before ICTM After Mod. 1 and 2 % change
Date # of runs Volume Date # of runs Volume in volume
5/18/94 2 5,718 | 4/10/96 2 5,624
5/26/94 2 5,218 4/11/96 2 5,672
6/2/94 1 5,481 4/18/96 1 5,573
Total/Avg 5 5,471 | Total/Avg 5 5,633 2.88%
4:30 to 5;30 PM Peak HOUR
Before ICTM AfterMod. 1and 2, % change
Date # of runs Volume Date # of runs Volume in volume
4/10/96 1 6,607
5/26/94 2 6,385 4/11/96 1 6,437
5/31/94 2 6,336 5/7/96 2 6,702
6/2/94 1 6,268 5/8/96 1 6,837
Total/Avg 5 6,342 | Total/Avg 5 6,657 4.73%
WESTBOUND
7:30 to 8:30 AM Peak HOUR
Before ICTM After Mod. 1 and 2 % change
Date # of runs Volume Date # of runs Volume in volume
5/18/94 2 6,050 | 4/10/96 3 5,847
5/26/94 2 4,748 | 4/11/96 2 5,870
6/2/94 1 5,590
Total/Avg 5 5,437 | Total/Avg 5 5,856 7.15%
4:30 to 5:30 PM Peak HOUR
Before ICTM After Mod. 1 and 2 % change
Date # of runs Volume Date # of runs Volume in volume
4/10/96 1 5,826
5/26/94 2 5,473 4/11/96 1 5,793
5/31/94 2 5,698 5/1/96 2 5,675
6/2/94 1 5,448 5/8/96 1 6,058
Total/Avg 5 5,558 || Total/Avg 5 5,805 4.26%

* Table 2 represents peak hour travel time runs and volume. A total of 10 travel timerunswere
conductedin each direction during each three-hour peak period, 5 of which occurred during the
peak hour. Volumesin Table 2 are the average volumes at the Nicollet andXerxes Avenue
Screenlines. Volumes are unadjusted and do not account for seasonai variation.
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Figure 3. Change in 1-494 Average Peak Hour Travel Speeds
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Table 3: Average Freaway Travel Speeds (mph)

"+ AM Peak Period {8:00-2:00 am) AM Peak Hour (7:30-8:3C¢ pm} -

T Bafore ‘After | %change | Before After "} % change
[-494 EB 56.7 56.5 -0.35% 54.0 52.7 2.41%
1494 WB 45.4 50.4 11.01% 35.0 49.8 42.37%
Total 51.1 53.5 4.70% 44.5 51.3 15.19%
21 PM Peak Perdod (300-6:00 pm} - {7+ PM Peak Howr {(4:30-3:30 pm).
SR T Beforé o After- |9 change: | Befare | After % change
1494 EB 49.2 48.8 -0.81% 44.4 438.8 9.91%
1494 WB 51.8 55.5 7.14% 50.3 56.3 11.85%
Total 50.5 522 3.27% 474 525 10.94%
 AMMPM Totali = S508F - 52.8] ~ - _3.94%| — 4590 51.94 13.07%
& {Weekday Midday ¢10:30 am-1:30 pm}| Saturday Midday (10:30 am-1:30 pm)

. ‘Before. .} After Yo change | Before. After |° Y%-change
1494 EB 58.4 60.8 4.11% 60.2 58.9 -2.16%
1194 WB 59.3 60.7 2.36% 58.8 60.1 221%
Total 58.9 60.8 3.23% 59.5 59.5 0.00%

Table 4: Minimum/Maximum Freeway Travel Speeds

AM Peak Period( 6:00 - 9:00 am) _

AM Peak Hour (7:30 - %:30 am) .-

min| max { range | min | max | range'| in range

max |range |[min | max range inrange

.Before After [Y%changefj’ " i { .- Before - - _-After .- 9% 'change

-+ {min| max | range |min | max | range | inrange |- ' .} min | max | range | min | max | range {, inrAnge
I-494EB | 17] 68 511 23] 68 451 -11.76%({I-494 EB 17) 64 471 23] 68 45] -4.26%
1-494 WB| 10| 66 56| 17] 68 51| -8.93%{i-494 WB| 10| 61 51 18] 68 50 -1.96%
Total 10} 68 58) 171 68 511 -12.07%|[Total 10| 64 541 18} 68 501 -7.41%
; PM Peak Period (3:00 - 6:00 pm), ) T PM Pesk Hor (430530 pm) |

Before After %change ; Before After % change

I-494EB | 21{ 64 43| 18§ 67 49] 13.95%([494EB | 21

64 43] 18] 67 49| 13.95%

[-494 WB| 16 64 48] 19] 69 50]  4.17%j[-494 WB{ 16 64 48] 28| 69 41| -14.58%

Total 16] 64 48{ 18] &9 51 6.25%|Total 16f 64 48] 18 69 51 6.25%
Midday Period (10:30 am - 1:30 pm} - Saturday Midday (10:30 am - 1:30 pmy

Before After :}%change|l Before - - After - @ . -{%change

min | Max | range | min | max | range |inrange | | min | max | range | min | max | range| in range

494 EB | 33| 67 34 46| 71 25| -26.47%l[[494EB | 53| 68 15| 47{ 67 20 33.33%

[-494 WB| 50| 66 16{ 44 69 25| 56.25%|1-494 WB| 49| 66 17 49| 66 170 0.00%

Total 33 67 34 44 71 27 -20.59% [Totd 49 68 19 47 67 20 5.26%

-29-
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d) FREEWAY RAMP METER DELAY': It wasreported in IETP 7 that corridor

motorists perceive freeway entrance ramp meter delays to average just over four
minutes prior to ICTM. Approximately 92 percent of corridor residents indicated
they entered the freeway system at ametered ramp. Sample delay measurements
were taken at eight ramps onto 1-494 before and after ICTM. As shown on Table 5,
ramp delays per vehicle ranged between 0. 11 to 11.19 minutes prior to ICTM. In
comparison, delay measurements after ICTM were reduced at 10 of 14 rampstime
periods with reductions between 0.3 to 10.5 1 minutes per vehicle. Four ramp
measurements showed a delay increase of between 0.71 and 3.04 minutes per vehicle.
In total, as shown on Table 6, delay at the eight sample ramps during the 7:30 to
8:30 AM peak hour was significantly reduced by 661.69 minutes, or 11.03 vehicle-
hours, and during the 4:30 to 5:30 PM peak hour by 5,590.36 minutes, or 93.17
vehicle-hours. These ramp delay results are based on a one day comparative sample.

Table 5: Average Freeway On-Ramp Delay

R Lo ~ Average Relay Per Vehicle (minutes/vehicle)
" " ‘Ramp Location : - AM Peak Hour (7:30-3:30 am) || PM Peak Hour (4-30-5:30 pm)
D Description it Before'} After” | %change | Before |- After | % change
4D4 [France Avenue NB to EB I-494 0.11 0.02] -81.15% 5.53 6.24] 12.89%)
4E1 |[Penn Avenue to EB [-494 0.03 0.00{ -100.00% 0.21 0.00| -100.00%
4E4 (Lyndale Avenue to EB [-494 *0.00 *0.00 - 1.53 0.09] -94.09%
4E6 |12th Avenue to EB 1-494 *0,00]  *0.00 - ok 0.70 -
4G2 |24th Avenue to WB [-494 1.90 309 62.54%] 1094 0.43] -96.11%)
4G7 |Lyndale Avenue to WB [-494 6.19 4.82]  -22.10% 3.99 0.31] -92.19%|
4H2 |Penn Avenue to WB [-494 7.86] 265 -66.31%|  138]  3.15] 127.88%)
4H4 |France Avenue SB to WB I-494 6.52]  9.56] d46.67%] 11.19]  4.68] -38.19%]
* Ramp Is not metered during this time period
**Missing entrance volume data
Table 6: Freeway On-Ramp Delay Summary
Vehicle Minutes of Delay |
Ramp 7:30 - 8:30 AM 4:30 -5:30 PM
No Before After Difference Before After Difference
4D4 34.98 5.72 -29.26 1.885.73 2.252.64 +366.91
4El 12.72 0 -12.72 252.00 0 -252.00
4E4 na na na 419.22 36.90 -382.32
4E6 na na na na na na
4G2 300.20 565.47 +265.27 4,113.44 233.06 -3,880.38
4G7 965.64 949.54 -16.10 1,360.59 190.03 -1,170.56
4H2 1.320.48 537.95 ~7'83.00 291.18 1.020.60 +729.42
4H4 984.52 898.64 -85.88 2,517.75 1,516.32 -1,001.43
Total ' -l -661.69 | -5,590.36

HNTB Corporation
MarketLine Research, Inc.
Power Max Consulting, Inc.

K.T. Analytics, Inc.
-30-



ICTM Interim Evaluation Renort No. 1

€) ARTERIAL SYSTEM TRAVEL CHARACTERISTICS: Data was collected from
several sources on traffic operating conditions on the arterial street network in the
|-494 study corridor. As previously noted, the adaptive traffic signal control system
was not operational at the time of data collection for system evaluation. The traffic
data collected in 1996 will be used for baseline condition comparison purposes to
1997 data that reflects the impact of a complete operational traffic signal control
system in the corridor. Baseline data was also collected in IETP 7 on corridor
resident, business and motorist perceptions on traffic operating conditions and sysem
performance. According to that data, motorists did not perceive achangein travel
times on the arterial street system during the year prior to ICTM. This perception
was supported by travel time measurements collected on the east-west parallel and
north-south cross streets in the study corridor. Corridor motorists also expressed
frustration with inefficient signal timing at arterial intersectionsin the study corridor
with 60 percent feeling they stop at signals on their most frequented arterial routes
when thereis no traffic in the opposing direction.

From a safety standpoint, baseline accident data indicates that the arterial street
system experienced atotal of 745 accidentsin 1994, of which 166 accidents, or

22 percent, occurred on parallel east-west streets. The highest number of accidents
on east-west streets were reported on 76h Street, with 39 accidents, 23.5 percent of
the total; on 79t Street with 33 accidents, 19.9 percent of the total; and on 80th
Street, with 32 accidents, 19.3 percent of the total. Those three streets accounted for
nearly two-thirds of the east-west arterial accidents prior to ICTM. Similarly, of the
579 accidents reported on north-south cross streets in the study corridor, 1-35W
experienced 107 accidents, or 18.5 percent of the total; France Avenue experienced
73 accidents, 12.6 percent of the total; TH 100 experienced 67 accidents, 11.6
percent of the total; Portland Avenue experienced 61 accidents, 10.5 percent of the
total; and Penn Avenue experienced 58 accidents, or 1.0 percent of thetotal. It is
noted that I-3 5W and TH 100 are freeway facilities. Thosefivenorth-south facilities
accounted for 63.2 percent; or nearly two-thirds, of the total accidents reported in
1994. Of the accidents on these five facilities, 22.3 percent were on 1-35W and

TH 77. Of the 745 total arterial street accidents reported in 1994, 85 accidents
occurred during the morning peak period and 186 accidents occurred during the
evening peak period. Approximately 36 percent of the total accidents were property
damage only.

In comparison to these accident statistics, motorists indicated they did not perceive
that traffic safety problems exist in the 1-494 study corridor. There were very few
concerns expressed of unsafe driving conditions on the arterial street system prior to
ICTM. The safety impact of before/after accident conditions will be presented in the
final ICTM evaluation report.
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Evaluation Area 4: Ability of ICTM to make use of available transportation
infrastructure; and its expandability or transferability to

another area.

According to traffic volume data collected in IETP 1, corridor-wide screenline volumes
have basically decreased since 1995. During the peak period and midday time periods, as
shown on Table 7, al time periods exhibited a decrease in volume between 1.0 to 3.8
percent between 1995 and 1996, except the weekday 7:00 to 8:00 AM peak hour and the
midday time period from 11:00 AM to 2:00 PM, which exhibited a volume increase of

0.5 and 2.1 percent, respectively. More important, system utilization between the

freeway and east-west surface street arterial system remained relatively constant during
all time periods ranging between +0.8 to -1.3 percent.

Data collected in IETP 7 indicates that the mgjority of 1-494 motorists only occasionally
used arterial street system prior to ICTM. Over 56 percent of surveyed motorists

indicated they are very or extremely likely to use the freeway for short trips. Those

findings are consistent with screenline traffic trends. The impacts of adaptive arterial

street signal controls ability to change this travel pattern will be reported on the next

interim report.

Table 7. Change in System Utilization

Summation of Nicollet and Xerxes Screenline Traffic Distribution % % Change
Change
BEFORE AFTER inTotal in Arterial
TimePeriod Total 1494  Arteridls  %Arterid Total 1-494  Arterials % Volume Volume
Arterid
6:00-9:00AM 71,091 | 63,394 7,697 10.8 70,384 62,485 7,899 11.2 -1.0 +0.4
7:00-8:00AM 26,682 | 23,155 3,527 13.2 26,806 23,030 3,776 14.0 +0.5 +0.8
300-6:00PM 86,553 | 70,764 15,789 18.2 84,047 69,577 14,460 17.2 -2.9 -1.0
4:00-5:00PM 29,802 | 23.693 5,839 19.6 28,722 | 23,460 5,262 18.3 -3.6 -1.3
Weekday *
11:00AM- 63,103 | 53,282 9,821 15.6 60,676 | 51,544 9,132 15.1 -3.8 -0.5
2:00PM
Saturday *
11:00AM- 58,833 | 51,079 7,754 13.2 60,069 51,724 | 8,345 13.9 +2.1 +0.7
2:00PM

*Note: Mid-day and Saturday volumes are adjusted for seasond traffic variations.

The cost of implementing an ICTM system provides important information for future
projects that look to expand the system in the Twin Cities area or to start up asystemin
another community. For reporting purposes, costs have been reported in Test Plan 5 into
two categories. fixed and ongoing. Fixed costs are capital expenditures for
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implementation of the system and include project plan development, adaptive control
design and equipment and detection technology development. In comparison, ongoing
costs include operations and maintenance of the system and “ other” which includes
monthly computer service agreements and communication system leasing costs. The
interim costs reported to date for Modules 1 and 2, as shown on Tables 8 and 9, total
$4.3 1 million plus ongoing monthly “other” costs of $1,314.00.

Approximate unit costs for ICTM, based on the preliminary datareported in Table 8,
indicates a unit cost for estimation of system expansion or deployment to other areas of
approximately: $300,000 per mile of freeway; $100,000 per mile of corridor arterial; and
$115,000 per freeway ramp terminal intersection. It is noted that these unit costs are very
preliminary and will be refined in future ICTM evaluation reports.

Table 8. Summary of ICTM Costs for Modules 1 and 2

Costs (dollars) % Total
1. Fixed
Project Development $656,900 22.9
Adaptive Traffic Signa Control 873,400 30.4
Adaptive Ramp Meter Control 417,000 14.5
Alternative Detection Technology 332,800 11.6
Subtotal $2,280,100 79.4
2. Ongoing (Operations/Maintenance) 592,400 20.6
TOTAL $2,872,500 | 100.0%

. Evaluation Area5: Ability of multiple transportation agencies to work together and
manage traffic in a congested freeway corridor.

The ability of transportation agencies to work together to implement ICTM is
documented in two basic areas. These areas involve additional funding contributions for
project deployment and agreements on operation/management of the ICTM traffic control
system.

The cost-sharing of ICTM project funding is a positive indicator of public agency
agreement to share in the development of an adaptive control system in the 1-494
corridor. The cost-sharing includes those contributions above the fixed and ongoing
capital expenditures described previously. For documentation purposes, project costs can
be categorized as “public” and “private” sector contributions to the project, as shown on
Table9.

Asshown on Table 9, local communities have funded about 17.6 percent of the ICTM
cost contributions through the deployment of Modules 1 and 2 with private-sector
contributions totaling about 15.9 percent. The remaining two-thirds of project
contributions have been funded by the MnDOT.
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Table 9. ICTM Cost Contributions for Modules 1 and 2

Category Cost % Total
1. Public Sector
MnDOT $960,300 66.5
Hennepin County 165,100 115
City of Bloomington 58,600 4.1
City of Edina 6,100 0.4
City of Richfield 23.300 16
Subtotal $1,213,500 84.1
2. Private Sector 229,700 15.9
TOTAL | $1,443.100 | 100.0%

In addition to these cost-sharing actions, each community directly involved in the
management of the transportation network in the ICTM corridor have agreed to cooperate
on the operation of that network. The Minnesota Department of Transportation has
served asthe lead coordinating agency with Hennepin County and the cities of
Bloomington, Edinaand Richfield in the devel opment of system operating principles and
policies, Cooperative agreements have been approved by each agency on project cost
sharing, maintenance and operation, as documented in the appendix to this report. The
MnDOT serves as the principa contracting agency for the ICTM project design and
development. However, through the use of monthly management team committee
meetings, all design and deployment issues are agreed to prior to MnDOT approval.

Principal system operation issues agreed to are summarized on Table 10.

In addition to these operation agreements, all agencies also agreed to uniform reporting
procedures, staff training and communication protocol.

Basic maintenance issues were agreed to with respect to the use of a standard signal
maintenance form, preparation of annual system service/replacement cost budgets and the
lack of aneed for a master maintenance agreement as long as appropriate municipal and
signal agreements are developed on cost sharing and maintenance responsibilities.

With regard to potential liability issues, several standard procedures were identified for
system mai ntenance specific to records, scheduling and uniform practice. No liability
claims have been reported to date due to ICTM system operation. A potential liability
exposure issue could occur when an agency is assisting with traffic maintenance outside
the agency’ sjurisdictional boundaries or on another agency’ straffic control cabinet within
its jurisdictional area. The agreements developed for this project and the use of good
maintenance practices should protect against this potential problem.

In general, cooperation and management between the agencies affected by ICTM has been
very strong and successful.
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Table 10. Principal ICTM Operation Issue Agreements

1. The agency that owns a particular traffic signal is responsible for its
operation and maintenance;

2. The ICTM system operator is responsible for establishing incident
response procedures, including route diversions, providing motorist
information, extended ramp meter operation, and manua control of
system elements;

3. If route diversions are used, predetermined route plans should be used
where appropriate with the appropriate community engineer notified of
any diversion conditions,

4. 1tisthe ICTM system operator’s responsibility to coordinate with the
TMC Information Officer regarding response actions-including manual
override of the system. The Information Officer shall assess incident
significance and appropriate notification of appropriate local
authorities;

5. When manua control of ICTM system components within an agency’s
jurisdiction is taken, that agency shall notify appropriate representatives
of other affected jurisdictions;

6. Any agency is able to control arterial VMS if not otherwise under
control of the ICTM system operator;

7. Ajurisdiction may take control of another jurisdiction’s system
components only through proper arrangements and permission between
affected agencies.
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V. Conchsions

Traffic volumes at two screenline locations used to monitor east-west traffic volume trendsin
the study areaindicate that overall peak period average two-way total traffic levels decreased
by 1.0 to 3.6 percent except during the 7:00 to 8:00 AM time period when it increased by
about 0.5 percent. These screenline volumes also indicate that there has been no shift to date
in the traffic volume distribution between the east-west arterial and freeway systems.

The implementation of ICTM Modules 1 and 2 has coincided with several positive changes
in traffic operations in the 1-494 corridor. These changes are limited to the freeway system
where adaptive ramp meter control was implemented. There were no changes documented in
this report for the arteria street system which did not have operational adaptive traffic signal
controlsin place at the time of data collection. As shown on summary Table 11, average
freeway peak period traffic volumes during travel speed data collection periods increased by
(+)2.9 to (+)7.2 percent. Freeway travel speeds were improved at five of eight peak-traffic
time period measurements. Westbound speeds were improved in all cases, increasing
average speeds from alow of 35.0 mph during the 7:30 to 8:30 AM peak hour to 49.8 mph,
and resulting in all speeds on 1-494 approaching a value of 50 mph, ranging between an
improved speed boundary of 48.8 to 56.5 mph.

Freeway travel speed consistency varied between different peak traffic time periods with
speed consistency improved during three time periods and unchanged during three other time
periods. Only two time periods showed an increase in the range of minimum/maximum
Speeds.

Finally, as also shown on Table 11, average vehicle delays at freeway on-ramps were reduced
by arange of 1.44 to 10.5 1 minutes at six of 13 ramp delay measurements and increased by
0.71 to 3.04 minutes at four delay measurements. The net result of this improved ramp meter
operation with adaptive control indicates anet vehicle delay reduction of 11.0t0 93.1
vehicle-hours during the 7:30 to 8:30 AM and 4:30 to 5:30 PM time periods, respectively at
the seven ramps evaluated in this study. These ramp delay results are based on a one day
comparative sample.

Public perceptions indicate that freeway travel speeds were decreasing prior to
implementation of ICTM and that travel speed consistency was relatively constant. The
“before/after” travel speed data summarized above indicates-that adaptive ramp meter control
may have reversed areduced travel speed trend and improved travel speed consistency on
|-494 while measurably reducing ramp meter delays.

Baseline traffic conditions for 1994 indicate that there were 754 arterial street accidentsin the
study corridor, of which 22 percent occurred on east-west streets and were evenly distributed
between 76th, 79%th and 80th Streets. Of the remaining 78 percent that occurred on north-south
streets, the highest accident frequencies were reported on France, Portland and Penn
Avenues, in addition to the I-35W and TH77 freeway facilities.
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Motorists indicated there were very few concerns of unsafe driving conditions on the arterial
street system in the 1-494 corridor. Motorists did feel, however, frustration with inefficient
signal timing on the arterial street system. Motorists indicated they only occasionally used
the arterial street system prior to ICTM. Over 56 percent of surveyed motorists indicated
they are “very” or “extremely likely” to use the freeway system for short trips. Potential
changes to these safety and travel pattern perceptions as aresult of ICTM will be verified in
future ICTM eva uation reports.

ICTM implementation costs have totaled nearly $4.3 1 million dollars to date for capital
expenditures relating to design, deployment and operation. Community agency cooperation
is demonstrated through cost sharing and operational agreements that have resulted in
MnDOT, local communities and the private sector providing $1.44 million dollars or about
33% of the total project cost in “hard” and “soft” contributions. No major operational or
ligbility issues have been identified through the course of the ICTM project to date.

The evaluation will continue to monitor the resultsidentified on the freeway system
throughout the test to ensure that results are genuine and consistent. The evaluation will also
address ICTM impacts on arterial street system operations and public awareness/perception
of those changes. These findings will be documented in subsequent reports.
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Table 11. Freeway Evaluation Summary

1. Average Screenline Traffic Volume Levels During Travel Speed Data Collection
Volume
Time Period Direction Before After % Change
7:30—8:30 AM EB 5471 5,633 +2.88 A
WB 5,437 5,856 +7.15 A
4.30— 5:30 PM EB 6,432 6,657 +4.73 N
WB 5,558 5,805 +4.26 A
2. Average Travel Speed
Speed (mph)
Time Period Direction Before After Change %
6:00 - 9:00 AM EB 56.7 56.5 -04 -
WB 45.4 50.4 11.0 A
7:30—8:30 AM EB 54.0 52.7 -24 -
WB 35.0 49.8 424 )
3:00—- 6:00 PM EB 49.2 48.8 -0.8 -
WB 518 55.5 71 )
4.30— 5:30 PM EB 44.4 48.8 9.9
WB 50.3 56.3 11.8
3. Travel Speed Consistency
Speed Variation Change
Time Period Direction (mph) % Change
6:00 — 9:00 AM EB -6 -11.8 v
WB -5 -8.9 N
7:30—8:30 AM EB -2 -4.3 -
WB -1 -2.0 -
3:00 - 6:00 PM EB +6 14.0 N
WB +2 4.2 -
4.30— 5:30 PM EB +6 14.0
WB -7 -14.6
4. Ramp Delay
Time Period
7:30—-8:30 AM 4.30-5:30 PM
Ramp Direction Ave. delay (min) Ave. delay (min)
4D4 EB -0.09 - 0.71
4E1 EB -0.03 - -0.21 -
4E4 EB n/a -1.44
4G2 WB 1.09 ) -10.51
4G7 WB -1.37 v -3.68
4H2 WB -5.21 1.77
4H4 WB 3.04 -6.51 N
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This appendix contains summary baseline data that has been collected under the initial
phase of ICTM evaluation for Modules | and 2 and the related Measures of Effectiveness
(MOEs) that apply directly to the evaluation of that data. Each test plan contains a
description of the test purpose, schedule of test activities to date, data tabulations,
description of analysis methods and results/interpretations.
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Appendix A 1- Results of Test Plan #1

Test Plan No. 1 - Change in Traffic Utilization of
Transportation System in Corridor.

1. Test Purpose

The purpose of thistest plan is to evaluate the effectiveness of the ICTM systemto utilize
the available capacity of the arterial street system to maintain the flow of traffic on the
freeway system and the ICTM corridor as a whole. The evaluation compares before and
after traffic volume levels and its distribution between the freeway and arterial street
systems passing through the study corridor at selected “screenline” locations. Analysisis
conducted during time periods of normal, recurrent freeway congestion and during
freeway system incidents.

2. Schedule of Test Activities

Task Dates Conducted
1. Collect Before ScreenlineVolumes August 8 - September 18, 1995
2. Collect Post Mod. I/2 Screenline Volumes April 8-20 and May 6-11, 1996
3. Perform Analysis June - September, 1996

3. Tabulated Data Collected

Tabulated hourly screenline traffic volume data is available through the ICTM Project
Manager and/or HNTB Corporation. As noted in Section 2 above, traffic volume
collection periods for “before/after” data comparisons were undertaken during different
seasons of the year. “Before” Modules 1 and 2 data was collected during the Fall of
1995, with “after” Modules ! and 2 data collected during the Spring of 1996. Based on
discussions with Mn/DOT staff, it was agreed that peak hour and peak period weekday
commuter freeway traffic volumes should not be adjusted for seasonal variations. It was
also agreed that the mid-day and Saturday 11:00 AM to 2:00 PM time period traffic data,
which reflects seasonal travel demand changes, may be correctable for seasonal variation.
Seasonal adjustment factors for mid-day and Saturday time periods are based on
historical daily 24-hour traffic data collected by the Minnesota Department of
Transportation for the Minneapolis/St. Paul metropolitan area.
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4. Analysis Methods

There are two MOE' s that are directly applied to screenline traffic data collected as a part
of thistest plan.

MOE [-1.1 - Increase in screenline traffic volumes during periods of recurrent traffic
congestion.

Screenline traffic volume datais used to assess the effectiveness of ICTM to improve
utilization of the available transportation infrastructure with in the study corridor, The
anaysisincludes a before/after comparison of corridor traffic volume levels and
arterial/freeway system traffic volume distributions for Modules. 1 and 2. The
effectiveness of ICTM to improve traffic utilization of corridor capacity during periods of
recurrent freeway traffic congestion is considered to be confirmed by a 10% increase in
average arterial screenline volumes, a 5% increase in average freeway traffic volume
levels, a 10% increase in the total corridor screenline average traffic volumes, and/or a
10% increase in the proportion of corridor traffic using the arterial street system.

Statistical analysis of screenline traffic volume data includes a chi-square test at a 95%
confidence level on several combinations of screenline volumes. The anaysis of
screenline volumes includes the combination of east and westbound traffic volumes and
the sum total of Nicollet and Xerxes Avenue screenline data. In addition to 1-494 the
Nicollet screenline includes 76th, 77thand 7 Streets, while the Xerxes screenline
includes 1-494, 76th and 80th Streets. The analysis is performed for the following time
periods:

1) 6:00to09:00 AM Peak Period

2) 7:00to 8:00 AM Peak Hour

3) 11:00 AM to 2:00 PM Weekday Midday Period

4) 3:00t0 6:00 PM Peak Period

5) 4:00 to 5:00 PM Peak Hour

6) 11:00 AM to 2:00 PM Saturday Midday Period.

MOE I-3.1- Increase in screenline traffic volume in response to incident management
plans.

MOE I-3.1 is not addressed as part of the Module 1 and 2 evaluation. Complete incident
management plans will be implemented as part of ICTM Module 4 with evaluation of
their effects on screenline traffic volumesincluded in the fmal report.

5. Results and Interpretations

MOE 1-1.1 - Increase in screenline traffic volumes duringperiods of recurrent traffic
congestion.

A-2
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« Hypothesis1-1.1a- Thereisanincreasein arterial screenline traffic volume
during periods of normal, recurrentfreeway traffic congestion.

Table Al-I: Actual Arterial Screenline Traffic Volumes (vehicles)

AM Peak Period (6:00-9:00 am)

PM Peak Period (3:00-6:00 pm)

N Before After % change | Before After % change
76th St EB at Nicollet Ave 175 217 24.00% 853 704 -17.47%
77th St EB at Nicollet Ave 307 471 53.42% 867 1,730 99.54%
79th St. EB at Nicollet Ave 501 368 -26.55% 1,106 890 -19.53%
.. EB Nicollet Total 983 1,056f - 7.43% 2,826 3,324 17.62%
76th St WB at Nicollet Ave 613 333 -45.68% 678 369 -45.58%
77th St WB at Nicollet Ave 680 1,276 87.65% 1,218 1,368 12.32%
79th St. WB at Nicollet Ave 886 765 -13.66% 1,333 1,063 -20.26%
WB Nicollet Total 2,179 2,374 8.95% 3,229 2,800f -13.29%
76th St EB at Xerxes Ave 537 683 27.19% 2,220 2,154 -2.97%
80th St EB at Xerxes Ave 727 561 -22.83% 4,314 2,938 -31.90%
-~ EB Xerxes Total 1,264 1,244 -1.58% - 6,534 5,092 -22.07%
76th St WB at Xerxes Ave 1,780 1,667 -6.35% 1,759 1,631 -7.28%
80th St WB at Xerxes Ave 1,491 1,481 -0.67% 1,487 1,457 -2.02%
WB Xerxes Total 3,271 3,148 -3.76%| . 3,246 3,088 -4.87%
Arterial System Lotal 7,697 7822 . 1.62% 15,835 14,304 -~ -9.67%

G g ‘/-] Weekday Midday - Saturday Midday . |, -

) (11:00 am-2:00 pm) (11:00 am-2:00 pm} - -

. sioavsnthirs vc e |- Before After - | % change Before - After | % change
76th St EB at Nicollet Ave 397 341 -14.11% 395 461 16.71%
77th St EB at Nicollet Ave 706 966 36.83% 779 1,087 39.54%
79th St EB at Nicollet Ave 1,030 828 -19.61% 745 733 -1.61%

EB Nicollet Total 2,133 2,135 0.09% 1,919 2,281 . 18.86%

76th St WB at Nicollet Ave 430 229 -46.74% 510 312 -38.82%
77th St WB at Nicollet Ave 961 942 -1.98% 1,100 1,084 -1.45%
79th St WB at Nicollet Ave 1,143 1,029 -9.97% 811 364 6.54%
. WB Nicollet Total 2,534 2,200 -13.18% 2,421 2,260 -6.65%

76th St EB at Xerxes Ave 985 961 -2.44% 720 861 19.58%
80th St EB at Xerxes Ave 2,474 1,801] -27.20% 1,690 1,338 -20.83%

-~ .. EB Xerxes Total 3,459 2,762 -20.15% 2,410 2,199 -8.76%
76th St WB at Xerxes Ave 1,160 1,070 -7.76% 982 1,118 13.85%
80th St WB at Xerxes Ave 1,463 1,608 9.91% 759 1,061 39.79%

WB Xerxes Total 2,623 2,678 2.10% 1,741 2,179 25.16%
Arterial System Total 10,749 9,775 -9.06% 8,491 8,919 5.04%

* 77th Street was not fully constructed when “before” datawas collected
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Table Al-l provides a summary of screenline traffic volumes on the arterial street
system. This data was not adjusted with daily factors to account for the seasonal
difference in before/after data collection periods. Data contained in Table Al - |
appears to show awide variance between “before/after” screenline traffic volume
conditions. Intotal, two-way arteria traffic volume levels appear to have
changed randomly ranging from an average increase of 5.04% during the Saturday
Midday Period to adecrease of 9.67% during the Weekday PM Peak Period.
Traffic volume changes on individual facilities range greatly from a high of
(+)99.54% on eastbound 77th Street to alow of (-)46.74% on westbound 76th
Street. Some of these changes were expected and are attributed to the
reconstruction improvement of 77th Street. Hypothesis1- 1.1 a, pertaining to
arterial system traffic volume changes, is not addressed at this point in the
evaluation since deployment of ICTM has not had a direct effect on the arterial
street system. The data collected as “after” data will be used asthe “before” data
base for the evaluation of Module 3. This should provide a more reliable
comparison of unadjusted arterial volume changes for evaluation of Module 3 as
the “after” data was collected during a continuous three week time period which
was not the case with the collection of “before” traffic volume datafor Modules 1
and 2. In addition, traffic volume patterns at each screenline will be monitored on
amonthly basis to identify any trends that may influence traffic datareliability for
this test. Arteria screenline traffic volume changes will be evaluated after
implementation of Module 3.

« Hypothesis|-.1 b - Thereis an increase in the freeway system ‘s operating
capacity during periods of recurrent freeway traffic congestion.

For study purposes, thisanalysisis divided into peak and mid-day time period
findings.

Tables Al-2 and Al-3 provide a direct volume comparison and (Chi-Souare Test
of average freeway screenline peak period traffic volumes from “before” and
“after” implementation of Modules 1 and 2.
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Appendix Al -

Results of Test Plan #1

Table Al-2  Average Actual Freeway Peak Period Traffic Volumes

AM Peak Period (6:00-9:00 am) AM Peak Hour (7:00-8:00 am)
Before After | % change | Before -| After | % change
{-494 EB at Nicollet Ave 13,042 13,421 291% 4,996 5,202 4.12%
1-494 WB at Nicollet Ave 15,611 14,973 -4.09% 5,502 5,355 ~2.67%
[-494 EB at Xerxes Ave 15,985 15,812 -1.08% 6,022 6,024 0.03%
1-494 WB at Xerxes Ave 18,756 18,279 -2.54% 6,635 6,449 ~2.80%
Total 63,354 62,485 -1.43% 23,155 23,030 ~0.54%
e . PM Peak Period (3:00-6:00 pm) PM Peak Hour (4:00-5:00 pm)
S A Before .| After: | % change | Befgre | ~ After | % change
1-494 EB at Nicollet Ave 18,016 17,840 -0.98% 6,299 6,239 -0.95%
[-494 WB at Nicollet Ave 16,046 15,673 -2.32% 5,402 5,227 -3.24%
1-494 EB at Xerxes Ave 18,992 18,582 -2.16% 6,357 6,184 -2.72%
1-494 WB at Xerxes Ave 17,710 17,482 -1.29% 5,905 5,810 -1.61%
Total 70,764 69,577 -1.68% 23,963 23,460 -2.10%

Table Al-3 Chi-Square Test of Average Actual Freeway Peak Period
Traffic Volumes

Recorded. | Expected Ch- -
Volume | Volume | Residual | Square [D.F.| Sgnificance
AM Peak Period (6-9 am)
Before 63394 62939.5| 45450
After 62485| 629395| -45450| 6.5641 0.0104 P<0.05
AM Peak Hour (7-8 am)
Before 23 155 230925 62.50
After 23030 230925 -62.50(  0.3383 0.5608 P>0.05
PM Peak Period (3-6 pm)
Before 70764| 701705 593.50
After 69577 70170.5| -593.50| 10.0396 0.0015 P<0.05
PM Peak Hour (4-5 pm)
Before 23963| 237115| 25150
After 23460( 237115 -25150| 5.3352 0.0209 P<0.05
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Freeway screenline volume results do not support the hypothesis that the
freeway’ s operating capacity will be increased by ICTM. As shown in Table Al-
2, changes in east and westbound freeway traffic volume levels have varied by a
range of (+) 4.12% to (-) 4.09%. There are no comparison results which meet the
evauation goal of 5% increase in freeway operating capacity. Based on the Chi-
square test results displayed in Table Al-3, there were statistically significant
lower volumes after implementation of Modules 1 and 2 during the 6:00 to 9:00
AM Peak Period, 3:00 to 6:00 PM Peak Period, and 4:00 to 5:00 PM Peak Hour.
No statistically significant changes were experienced during the 7:00 to 8:00 AM
Peak Hour.

Table Al-4: Annual Average Freeway Midday Traffic Volumes (vehicles)*

Weekday Midday Saturday Midday
(11:00 am-2:00 pm) (11:00 am-2:00 pm)

Location Before After | % change | Before After | % change

[-494 EB at Nicollet Ave 11,993 11,375 -5.15% 11,768 12,497 6.19%
1-494 WB at Nicollet Ave 12,394 11,7200 -54,4% 12,069 11,559 -4.23%
[-494 EB at Xerxes Ave 14,735 14,380 -2.41% 14,096 14,599 3.57%
1-494 WB at Xerxes Ave 141 14,069 -0.64% 13,146 13,069 -0.59%
Totd 53,282 51,544 -3.26% 51,079 51,724 1.26%

*Note: Freeway midday volumes are adjusted for seasonal variation.
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Table Al:5 Chi-Square Test of Annual Average Freeway
Midday Traffic Volumes

Recorded | Expected Chi-
TimePeiod Volumg Volume Residual | Square |D.F.| Significance

Midday Period (11 am - 2 pm)

Before 53282| 52413.0 869.00

After 51544| 52413.0| -869.00| 28.8158 1] 0.0000 P<0.05
Saturday Midday (11 am - 2 pm)

Before 51079 514015| -322.50

After 51724| 51401.5 322.50 4.0468 1{ 0.0443 P<0.05

After adjusting the midday freeway traffic volume data for seasonal variances it
can be seen from the results of Table Al-4 that changes in east and westbound
volumes varied by arange of (+)6.19% to (-)5.44%. Based on the Chi-Square test
results displayed in Table Al-5, there were significantly higher freeway traffic
volumes during the Saturday 11:00 AM to 2:00 PM midday time period and
significantly lower traffic volumes during the weekday 11:00 AM to 2:00 PM
midday time period. The weekday midday findings are consistent with the
weekday peak hour findings of reduced freeway traffic levels after implementation
of Modules 1 and 2 when compared to the time period prior to implementation.

« Hypothesisi-1.lc- Thereisanincreasein total corridor screenlinetraffic

volume during periods of recurrentfreaway traffic congestion.

Tables Al -6 and Al -7 provide a direct volume comparison and Chi-Square Test,
respectively, of average peak period corridor-wide screenline traffic volume from

“before” and "after” implementation of Modules 1 and 2.

The actua corridor-wide screenline volumes for total freeway and arteria street
peak periods do not support the hypothesis that the total corridor screenline traffic
volume will be increased by ICTM. As shown in Table Al-6, changes in total
screenline traffic volume levels have varied by arange of (+) 4.54% to (-) 8.70%
when compared to traffic volume levels prior to deployment of Modules 1 and 2.
There are no comparison results which meet the evaluation goal of a 10% increase
in corridor-wide screenline traffic volumes. Based on the Chi-square test results
displayed in Table Al-7, there were statistically significant lower volumes after
implementation of Modules 1 and 2 during the 3:00 to 6:00 PM Peak Period and
4:00 to 5:00 PM Peak Hour time periods. No statistically significant changes
were experienced during the 6:00 to 9:00 AM Peak Period and 7:00 to 8:00 AM
Peak Hour. Similarly, seasonally adjusted corridor screenline volumes, shown in
Table Al-8for total freeway and arterial street midday and Saturday 11:00 AM
to 2:00 PM time periods showed statistically lower traffic volume levels after

implementaiton of Modules 1 and 2, as reported on Table Al -9.
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Table Al-6: Average Actual Corridor Screenline Peak Period
Traffic Volumes

AM Peak Period (6:00-9:00 am) AM Peak Hour (7:00-8:00 am)
. Before - - After | % change Before After % change
EB at Nicollet Ave 14,025 14,484 3.27% 5,394 5,639 4.54%
WB at Nicollet Ave 17,790 17,382 -2.29% 6,537 6,570 0.50%
EB at Xerxes Ave 17,249 17,060 -1.10% 6,549 6,565 0.24%
WB at Xerxes Ave 22,027 21,458 -2.58% 8,202 8,032 -2.07%
Total 71,091 70,384 -0.95% 26,682 26,806 0.46%
PM Peak Period (3:00-6:00 pm) _ PM Peak Hour (4:00-5:00 pm)
Before:: | . After *% change Before After % change
EB at Nicollet Ave 20,842 21,181 1.63% 7,305 7,423 1.62%
WB at Nicollet Ave 19,275 18,481 -4.12% 6,528 6,226 -4.63%
EB at Xerxes Ave 25,460 23,740 -6.76% 3,915 8,143 -3.70%
WB at Xerxes Ave 20,956 20,645 -1.48% 7,050 6,930 -1.70%
Total 86,533 84,047 -2.87% 29,802 28,722 -3.62%
Table Al-7: Chi-Square Test on Average Actual Corridor Screenline
Peak Period Traffic Volumes
Recorded Expectef] Chi-
Volume Molume Residual | Square P.F. | Signifance
AM Peak Period (6-9 am)
Before 71091] 70737.5] 353.50
After 70384 70737.5( -353.50{ 3.5331 1} 0.0602 P>0.05
AM Peak Hour (7-8 am)
Before 26682 26744.01 -62.00
After 26806 26744.0 62.00f 0.2875 1| 0.5918 P>0.05
PM Peak Period (3-6 pm)
Before 86533| 85290.0f 1243.00
After 84047| 85290.0| -1243.00| 36.2305 1| 0.0000 P<0.05
PM Peak Hour (4-5 pm)
Before 29802 29262.0f 540.00
After 28722| 29262.0| -540.00| 19.9303 1§ 0.0000 P<0.05
A-8
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Table Al-8:  Annual Average Corridor Screenline Midday Traffic
Volumes (vehicles)

Location Weekday Midday (11:00 an-2:00 Saturday Midday (11:00 am-2:00
pm) pm)

Before|  After | % change | Before | After o change

EB at Nicollet Ave 13,934 13,360 -4.12% 13515 14,626 8.22%
WB at Nicollet Ave 14,699 13,784 -6.22% 14,272 13,676 -4.18%
EB a Xerxes Ave 17,908 16,962 -5.28% 16,307 16,656 2.14%
|WB at Xerxes Ave \ 16,562 16,570 0.05% 14,739 15111 2.529
Tota 63,103 60,676 -3.85% 58,833| 60,069 2.10%

| | |

*Note: Screenline midday volumes are adjusted for seasonal variation.

Table A1-9: Chi-Square Test on Annual Average Corridor Screenline
Midday Traffic Volumes

Time Period Recorded|Expected|Residual | Chi- |D.F.| Significance
Volume | Volume Square
Midday Period (11 am- 2 pm)
Before 63103 61889.5| 121350
After 60676 61889.5| -121350( 47.5875 1] 0.0000 P<0.05
Saturday Midday (11 am- 2 pm)
Before 58833| 59451.0| -618.00
After 60069| 59451.0 618.00| 12.8484| 1| 0.0003 P<0.05

A-9
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Hypothesis 1- 1.1 d- Thereis an increase in the proportion of corridor traffic

distributed on the arterial street system duringperiods of recurrent traffic congestion.

Table A1-10: Percentage of Corridor Screenline Traffic on the
Arterial Street System

AM Peak Period (6:00-9:00 am)

AM Peak Hour (7:00-8:00 am)

Before After | %change | Before After | % change
EB at Nicollet Ave 7.48% 7.46% -0.28% 7.85%| 7.86% 0.13%
WB at Nicollet Ave| 13.00%| 14.06% 8.17%| 16.76%| 18.77% 11.96%
EB at Xerxes Ave 7.86% 7.43% -5.48% 8.62%| 8.38% -2.76%
WB at Xerxes Ave 15.80%{ 14.97% -5.24%| 20.26%| 19.91% -1.71%
‘ “ oo Total]l - 11.54%) = 11.37%)| 07 -1.43%| 14.06%| 14.28%| ° ~ 1.57%

PM Peak Period (3:00-6:00 pm) PM Peak Hour (4:00-5:00 pm)

: Before ‘After | %change | Before After | % change
EB at Nicollet Ave 14.38% 16.00% 11.27% 14.61%] 16.18% 10.78%
WB at Nicollet Ave| 17.73%{ 15.40%} -13.18%| 18.26%{ 16.24%| -11.06%
EB at Xerxes Ave 26.86%| 22.03%| -17.97%| 30.27%| 24.38%| -19.47%
WB at Xerxes Ave 16.48%| 15.49% -5.99%| 17.26%| 16.33% -5.37%
Total] 19.33%| “1744%;. . --9.73% 20.76%| 18.56%| -10.59%

Weekday Midday (11 am-2 pm) | Saturday Midday (11 am-2 pm)

Before: ‘After- -} %change | Before After | % change
EB at Nicollet Ave 13.93% 14.86% 6.66%| 12.93%| 14.56% 12.61%
WB at Nicollet Ave| 15.68%| 14.97% -4.51%| 15.44% 15.48% 0.28%
EB at Xerxes Ave 17.72%( 15.22%| -14.09%{ 13.56%| 12.35% -8.91%
WB at Xerxes Ave 14.50% 15.09% 4.07%( 10.81%] 13.51% 25.03%
. Totall 15.56%] ~~15.05%| - -3.30%| 13.13%] 13.89%| - 5.41%
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Table Al-11: Chi-Square Test on Corridor Traffic Distribution

AM Peak Period (6:00-9:00 am)
Before | After | Total Chi-Square Value | D.F. Significance
actual 7029 7375| 14404
arterial [expected 6977 7427 Pearson 0.84210) 1 | 0.35880 P>0.05
distribution 11.5%{ 11.4%| 11.5%]| [Continuity Corr. | 0.82592] 1 | 0.36346 P>0.05
actual 53884 57463 111347| |Likelihood Ratio | 0.84199( 1 0.35883 P>0.05
freeway jexpected 53936f 57411 Mantel-Haenzel 0.84209{ 1 0.35880 P>0.05
distribution 88.5%| 88.6%| 88.5%
: AM Peak Hour (7:00-8:00 am)
. Before | After | Total - Chi-Square Value | D.F. Significance
actual 3220 3528 6748
arterial |expected 3246 3502 Pearson 0.47810f 1 | 0.48928 P>0.05
distribution 14.1%| 14.3%| 14.2%| |[Continuity Corr. | 0.46009( 1 | 0.49758 P>0.05
actual 19683 21177| 40860| |Likelihood Ratio | - 9.47818] 1 0.48925 P>0.05
freeway |expected 19657) 21203 Mantel-Haenzel 0.47809] 1 0.48929 P>0.05
distribution | 85.9%| 85.7%| 85.8%
. Weekday Midday Peried {11:00 am - 2:00 pm)
Before | After | Total Chi-Square Value | D.F] Significance
actual 9821 9132 18953
arterial  |expected 9662 9291 Pearson 6.27801| 1 | 0.01222 P<0.05
distribution 15.6%| 15.1%| 15.3%| |Continuity Corr | 6.2385| 1 | 0.01250 P<0.05
actual 53282| 51544| 104826 |Likelihood Ratio | 6.27939| ! 0.01221 P<0.05
freeway |expected 53441 51385 Mantel-Haenzel 6.27796| | 0.01222 P<0.05
distribution 84.4%| 84.9% 84.7%
. PM Peak Period (3:00-6:00 pm)
Before| After | Total Chi-Square Value D. F. Significance
actual 14408 13525| 27933
arterial  |expected 13693 | 14240 Pearson 89.61486| 1 0.00000 P<0.05
distribution 19.3%| 17.4%] 18.4%| |Continuity Corr.[ 89.48950| 1 | 0.00000 P<0.05
actual 60148| 64005 124153| |Likelihood Ratio | 89.60081( 1 | 0.00000 P<0.05
freeway |expected 60863 | 63290 Mantel-Haenzel | 89.61427| 1 | 0.00000 P<0.05
distribution 80.7%| 82.6% 81.6%
PM Peak Hour (4:00-5:00 pm)
Before | After | Total Chi-Square Value| D.F.| Significance
actual 5335 4920] 10255
arterial  [expected 5048| 5207 Pearson 39.97436| 1 | 0.00000 P<0.05
distribution 20.8%| 18.6%] 19.6%| |Continuity Corr. | 39.83517| 1 [ 0.00000 P<0.05
actual 20368| 21592| 41960| |Likelihood Ratio | 39.97391( 1 | 0.00000 P<0.05
freeway |expected 20655| 21305 Mantel-Haenzel | 39.97359| ! 0.00000 P<0.05
distribution 79.2%| 81.4%| 80.4%
Saturday Midday (11:00 am - 2:00 pm)
Before | After | Totd Chi-Square Value D. F. Significance
actual 7754 8345 16099
arterial  |expected 7966 8133 Pearson 12.89567| | 0.00033 P<0.05
distribution 13.2%| 13.9%| 13.5%| |Continuity Corr. | 12.83486| ! 0.00034 P<0.05
actual 51079| 51724| 102803| |Likelihood Ratio [ 12.89895( 1 0.00033 P<0.05
freeway |expected 50867 51936 Mantel-Haenzel 12.89556| | 0.00033 P<0.05
distribution 86.8%| 86.1%| 86.5%
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Tables Al -10 and Al -11 provide a direct percent comparison and Chi-Square
Test of average adjusted seasonal corridor traffic distribution on the arteria street
system from before and after implementation of Modules 1 and 2. The corridor
distribution of traffic results above shows very little support for the hypothesis
that there has been an increase in the proportion of corridor traffic using the
arterial street system. The maximum net system volume change, as shown on
Table Al-10, was a reduction from 20.76 to 18.56 percent, or 2.2 percent, during
the 4:00 to 5:00 PM peak hour. During the AM Peak Period and AM Peak Hour,
there was no change in proportion of corridor traffic on the arterial street system
which experienced an average change of (+) 1.57% to (-) 1.43%. During the PM
Peak Period and PM Peak Hour, there was a 9.73% and 10.59% decrease in the
proportion of corridor traffic on the arterial street system. The proportion of
corridor traffic on the arterial street system also decreased dlightly by 3.30%
during the Weekday Midday Period. These negative results are statistically
significant aswell. The one positive result is the proportion of corridor traffic on
the arterial street system which increased by 5.41% during the Saturday Midday
Period. This change is statistically significant at a 95% confidence level as
determined by the chi-square test in Table Al-I 1.

A more reliable comparison of arterial/freeway system traffic pattern changes
attributed to ICTM is expected with the before/after evaluation of Module 3.

MOE 1-3.1 - Increase in screenline traffic volume in response to incident management

plans.

Hypothesis 1-31 a- Thereis an increase in traffic volumes at arterial screenline
locations under freeway incident conditions.

This MOE and hypothesis is not addressed as part of the Module 1 and 2
evauation. Complete incident management plans will be implemented as part of
ICTM Module 4 with evaluation of their effects on arterial screenline traffic
volumes included in the final report.

A-12
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6. Summary of Results

The screenline traffic volume data evaluated in this test plan indicates there has been a
general reduction in the utilization of the arterial street and freeway system in the [-494
corridor. Statistical testsindicate that peak period freeway screenline volumes have
decreased significantly during the morning 6:00 to 9:00 AM and the evening 3100 to
6:00 PM time periods. Peak hour 7:00 to 8:00 AM traffic volumes have been shown to
demonstrate no statistical change since implementation of Modules 1 and 2 whereas 4.00
to 5:00 PM peak hour freeway volumes have shown a significant decrease. Midday
11:00 AM to 2:00 PM freeway volumes adjusted for seasonal traffic variations
demonstrated a similar significant decrease in volume after implementation of Modules 1
and 2. In contrast, Saturday freeway volumes adjusted for seasonal variations
demonstrated a significant increase.

Statistical tests also indicate that corridor-wide total freeway and arterial street screenline
volumes demonstrated similar volume reduction patterns as summarized above for T-494
except during the Saturday 11:00 AM to 2:00 PM time period when corridor-wide
screenline volumes were significantly lessin total after implementation of Modules 1 and
2 even though 1-494 freeway volumes were significantly greater. Thereis no changein
the proportion of total corridor traffic on the arterial street system during peak traffic
periods.

Freeway Traffic Volume Corridor Traffic Volume
¥ Volumes have decreased V' Volumes decreased significantly in
significantly in 3 of 4 peak weekday | 2 of 4 peak weekday traffic periods
traffic periods

Vv Midday volumes adjusted for Vv Midday and Saturday volumes
seasonal variation decreased adjusted for seasonal variation
significantly decreased significantly

A Saturday volumes adjusted for
seasonal variation increased
significantly

Utilization of Arterial
Street Capacity
- Arteria street system carried the
same proportion of the total corridor
volume during the AM Peak Hour

v Arterial street system carried
10.59% less of the total corridor
volume during the PM Peak Hour
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The relative decrease in peak hour traffic volume conditions identified in the corridor
does not affect the analysis conditions identified for qualitative freeway operating
conditions, reported in Test Plan #2. On those days when freeway travel speed data was
collected, 1-494 actually demonstrated increased traffic levels compared to “before”

implementation of Modules 1 and 2.
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Sample Calculation
Seasonal Adjustment Volumes

Seasonal Average
Actual . x Adjustment = Annual
Volumes Factors Volumes
Before
week | (August) 13.042 0.85 11,086
13,042 11,086
After
week 1 (April) 13,241 0.94 12,447
week 2 (April) 13,471 0.94 12,663
week 3 (May) 13,563 0.88 11.935
13,425 12,348

Seasonal Adjustment Factors were applied to each 15-minute actual count. Average
Annua Volumes were calculated using each adjusted 15-minute counts.
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1995 Metro Area 24-Hour Seasonal

Adjustment Factors for A.A.D.T.
Based on 3-Year Average*

High Commuter Moderate
Commute Shopper Low Rec. Rec.
Month Week Day* Red (09) Blue (11) Orange (17) Green (14)
January 1 Tuesday 1.06 1.08 1.22
Wednesday 1.08 1.09 124
Thursday 1.06 1.06 1.20
February 2 Tuesday 104 1.06 1.20
Wednesday 1.03 1.05 118
Thursday 1.01 1.03 1.16
March 3 Tuesday 1.00 1.02 1.14
Wednesday 0.99 1.01 113
Thursday 0.97 0.99 1.09
April 4 Tuesday 0.95 0.97 1.07
Wednesday 0.93 0.95 1.06
Thursday 0.93 0.94 1.03
May 5 Tuesday 0.90 0.93 1.01
Wednesday 0.88 091 0.99
Thursday 0.87 0.89 0.95
June 6 Tuesday 0.86 0.91 0.96
Wednesday 0.85 0.90 0.95
Thursdav 0.84 0.88 0.91
July 7 Tuesday 0.86 0.92 0.95
Wednesday 0.85 0.90 0.94
Thursdav 0.84 0.89 0.91
August 8 Tuesday 0.87 0.92 0.95
Wednesday 0.85 091 0.93
Thursday 0.84 0.89 0.90
September 9 Tuesday 0.89 0.94 1.02
Wednesday 0.87 0.92 0.99
Thursday 0.86 0.91 0.96
October 10 Tuesday 0.90 0.95 1.04
Wednesday 0.83 093 1.01
Thursday 0.38 0.92 0.98
November 11 | Tuesday 0.99 1.01 113
Wednesday 0.97 0.98 111
Thursday 0.95 0.96 1.07
December 12 Tuesday 0.96 0.99 1.12
Wednesday 0.96 0.98 11
Thursday 0.95 0.96 1.08

*Weekday indicates middle day of 48-hour counting period.
*3 Y ear average includes 1992 through 1994 ATR groups.
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Test Plan No. 2 - Change in Corridor Operating Conditions.
1. Test Purpose

The purpose of thistest plan isto evaluate how well the ICTM system responds to
fluctuations in traffic flow and facilitates the use of available corridor capacity. This test
involves a before/after comparison analysis of traffic-related measures of effectiveness
related to travel time, ramp meter delay, and intersection operation. Travel time runs
were conducted to evaluate the effects of ICTM on arterial and freeway system travel
times/speeds, number of arterial vehicle stops, and stop time delay in the 1-494 corridor.
Freeway ramp meter queue lengths, ramp volume, and meter rate data were collected to
identify changes in average queue delays at freeway entrance ramp meters. Intersection
queue studies and turning movement counts assess the change in approach delays and
occurrence of cycle failures at signalized arterial and ramp terminal intersections.

2. Schedule of Test Activities

T ask Before Data After Data
Travel Time Studies | February 1994 - November 1995 April - May 1996
Ramp Queue Studies August 1995 April - May 1996
Intersection Studies August 1995 April - May 1996

3. Tabulated Data Collected

Tabulated travel time, vehicle stop and delay data; entrance ramp queue lengths, timing,
and volume data; and intersection queue length, cycle failure, signal timing, and turning
movement count data is available through the ICTM Project Manager and/or HNTB
Corporation.

4. Analysis Methods

There are atotal of five measures of effectiveness that address changes in operating
conditions within the 1-494 corridor.

MOE |-1.2 - Decrease in travel time through the corridor.

Travel time study datais used to assess the effectiveness of ICTM to improve traffic
operations during normal traffic conditions. This MOE in particular determines the total
amount of time necessary for motorists to travel through the test corridor. The analysis
includes a comparison of travel time data collected before ICTM and after
implementation of modules 1 and 2. The effectiveness of ICTM to improve traffic

A-17



ICTM Interim Evaluation Report No. 1
Appendix A2 - Results of Test Plan #2

operations is supported by the project goal to decrease the average travel time through the
corridor by 10% on the arterial street and freeway systems.

In addition to the project goal of decreasing travel time by 10%, statistical tests were
conducted on the travel time data to identify any significant changes. Separate tests were
conducted to identify statistical changesin travel time consistency and change in average
travel time.  Statistical analysis of travel time dataincludes aLevine's Test for Equality
of Variances with a 95% confidence interval to test the consistency of travel timesin the
corridor and at-test for Equality of Means with a 95% confidence interval to test the
reduction in travel timesin the corridor.

MOE 1-1.3- Reduction in the number of arterial vehicle stops and delay within the
corridor.

Traffic data on the number of vehicle stops and delay on the arterial street system was
collected for before and after implementation of modules 1 and 2. However since there
were no ICTM principles implemented which directly impacted the arterial street system,
no analysis was completed at this time. The components of ICTM affecting the arterial
street system will be implemented in Module 3 and Module 4 and will be evaluated at
that time. The vehicle stop and delay data collected after implementation of Modules 1
and 2 will be added to the before ICTM data files to provide alarger sample of baseline
data for comparison to post Module 3 and Module 4 data.

MOE [-1.4 - Reduction in queue delays on freeway entrance ramps.

Freeway entrance ramp queue length, meter operation, and traffic volume data samples
were collected to evaluate the delays experienced by motorists at 1-494 entrance ramp
meters. Entrance ramp queue delays are used to determine the effectiveness of ICTM to
improve traffic operations within the corridor. The analysis includes a before/after
cumulative comparison of the total vehicle delay per hour experienced during the AM
and PM peak hours at eight sample ramp meter locations for modules 1 and 2. The
effectiveness of ICTM to improve traffic operations within the corridor is supported by a
10% decrease in the total vehicle delay per hour experienced at sample no-ramp
locations. The analysis does not include statistical testing.

MOE |-1.5 - Reduction in queue delays at arterial intersections.

Intersection queue delays are calculated using intersection queue lengths, turning
movement, and signal timing data. Queue studies at arterial intersections were conducted
for before and after implementation of modules 1 and 2. However since there were no
ICTM principles implemented which directly impacted the arterial street system, no
analysis was completed at this time. The components of ICTM affecting the arterial

street system will be implemented in Module 3 and Module 4 and will be evaluated at
that time. The intersection queue delay data collected after Modules 1 and 2 will be
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added to the before ICTM datafilesto provide alarger sample of baseline datafo